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From Merlin B. Tostrud - Colorado River Board of California
Voice (818) 543-4676 Ex 243
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Attached are my estimates of historic flood control releases of Colorado
River water from Hoover Dam. It was assumed you didn’t want flood control
releases prior to the formation of Lake Powell, Once Lake Powell began filling,
there were no flood control releases until the year 1979. Flood control releases are
based on “other” excess releases to Mexico at the Northerly International Boundary.
“Ojther” excess releases equal measured flow at NIB minus Mexico’s scheduled
delivery at NIB minus delivery of Minute water. The “other” excess delivery is
made up of 1) rainfall events causing runoff which cannot be controlled and must be
delivered to Mexico in excess of requirements; 2) Gila River flows which cannot be
used to meet the Mexican delivery requirement (due to irrigation return flows below
Imperial Dam and the continual release of water from Imperial Dam’s desilting
basin to the river below Imperial Dam, the maximum amount of Gila River water
which can be used to meet Treaty requirements is about one-million acre-feet); 3) a
small amount of water delivered in excess to ensure the delivery of Mexico’s water;
and 4) flood contro! releases from Hoover Dam. '

Judgement must be used to determine if rainfall or extra safety water delivery
caused the excess delivery. Flood control is not an exact science. The rules which
govern the amount and timing of flood control releases currently include a parameter
of predicted future inflow. There is a step function of flood releases. If the required
flood control release exceeds downstream demand, then “other” excess deliveries to
Mexico can be expected. This assumes that users above NIB do not increase use to
take advantage of the extra releases. No adjustments were made for historic uses
which may or may not have been influenced by the possibility of future droughts or
floods.

Rill Elder will be out of the office for two days. I shall attempt to determine
the fate of your request made to him.
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Celuktion Of Fiood Conlrol Relevees From Soover Dumn

Otdue Exoeme Arrivais AL Northarly Snternabioual Boundary {Acre—feet)

Ty 1680 1881 19A3 1983

Tan B 276 209, 204 02, 140 il4 885, 554
b R, hib 161, 020 15, 697 3% 733, 139
M 23, R 440. 028 IR 418 4. 191 R, Hisf
Apr 340 4560, 8Y0 1, 858 440 278, 380
ey 189, 640 545, 814 i1? ¥ 283 545, 954
dun 161, 330 487, 070 287 7. 854 878, 544
Jul 16%, 188 433, 588 141 1,807 1,722,308
Aug 188, 128 414, 26 4 40 5,313 1,843,140
Sep 174, 018 §60, 717 6 LAT0 L7587, 854
Oct 2o+, ohA 88D, 164 i YRO L 987 1%
Nov 215, 027 574,317 289 310 L, 4B%,580
fon: L5, ARY dnd, ato HE 14 RAR 5 %44, 7AD
Sros 1, 467, 401 B, 340, 580 342, 472 40, 318 12, 584, 8OO

Gl Bioor NoaP Doms AL

1879 1980 1881 1082 1083

Jan 14, 760 138, 000 g, 310 457 153
Feb 86, 240 8. BAG &. RAD A28 RY
Mar 131, 000 185, 500 i 540 859 18, 230
Apr 127, 00 2L4, hoo 2, 118 308 132, 000
by 130, 990 222, 500 1,870 82 148, 900
Jun 125, 409 159, BOD i, 640 148 155, 360
Jul 142, 400 48, 520 3 204 30, 120
Aug 144, 200 189, 100 530 i, 620 40, 750
Sep 138, 760 Z00, 960 tve BT 45, 550
Ot 142, 800 237, 00D 445 158 36, 270
New 134, 180 105, 700 an 108 137, ann
Deey LG8, 800 18, 360 68 218 183, 100
Suma 1,443,000 1, 844,830 20, 810 & 779 928, 360

Calodated Food Contrd Relesses From Hoomy Do {Acre—feat) 1/

1979 1980 1661 1902 1983
Ian 8 78, 241 202, 850 0 546, 174
Feb ] 83, 270 16. 437 0 213, 652
Bar 0 244, 628 12, 398 o g
Apr 0 %38, 472 U ] 146, 360
Hay 49, 148 327, 4t 0 0 387, 051
an a0, 920 3%, 170 0 o 718, 244
Il 34, 789 334, 0g6 0 b 1,602,218
Avg 23, 9§80 225, 020 9 0 L B4, 380
Sep 38, 318 51,817 0 0 LTIZ 004
et 71 388 38 184 o D L BOD, 207
Nov 5, 827 488, 817 D 0t 349,669
Den 0 168, 459 0 19.345 1 161,688

fums 328, 908 3, 4RY, 238 315, 288 iD. 345 11.681,275

1,/ Other exceow redowas to Metico we teken frm the Colowmdo River Bonrd
af Californin, Fator Heport. They conadl, of mowsumd delivery ol NIB
minds Hexioo's schadule al NIB minus Minute wies

The other vxows rebnw inciude 1) Jocal minfell which cannot

be coniroded and moud be delivered (s Merko in ezcws of treaty
requiremratz 2) fows of the Cilk Rivor which oannot ba uised

to mest treaty yequlremenis {the madmum uscble Glia flow in any
yesr Iy upprosdmately 3, 000, 000 mag-fedX und, 1) fiocd releenze
of muinstemn Coloredo River waler

Enginsering judgeroent wee ueed to deleqmine whent sxoea relesane
ween cauaed by ovents poch s minfall rether than Nood contml

1964

L. 520, 737
1,339, 867
£.n2s 17

865, 832

904, D43
1, 156, 051
1, 244, 873
1, 10, 428
1,075, 103
1,114,051
1,154, 999
1. 208, 142

18, 843, 017

1984

139, 400
77 38D
25, 4B0

&, 430
3, 800
1. 530
Z, 930
2, 400

0¥

Bit
1, O
|, 150

260, 4B

H 4L

1,284, 387
1,262, 817

888, 714

B44, 402

B, 043
L, £54. 53}
1,242, M43
1,104, 628
1,074, A28
1,118, 330
1, 153, 249
1,281, 982

13,678, 9%

COLTRALG RIVER BD.

a2, 807
103, 415
90, 048
10,981
§72, 530
A2, VTR

10, 112, 324

HELH]

£5, 050
158 ABD
208, 000
195, 360
131, 200

11, 080

4, 180
3,450
2, 000
3, 150
2, 1
2770

788, 070

1985

1,283, 184
i, 112, 988
BiM, 110
327, 178
575, 406
743,208
710, 427
0. 180
Bag. 208
T07, 33
668, 700
708 405

9, 320, 254

L

#97, A60
730, 132
A3L, AKE
54, 27
265, 0640
920, 475
737, 238
601, 406
607, (M
T4, 008
603, 669
732, Rrd

B, 113, 720

1088

zl tlu
RN i)
3. 956
1, 800
454
2e2
280
a3z
430
1,060
Ath
800

15, 486

1988

025, 270
728, 262
agv, 808
bld4. 287
Beh, 211
920, 254
T30, 958
609, 154
698, 711
78, 178
802, B5)
741, 881

1, 088, 033

1887

1,418 BES
€92, 876
ano. KA

58, 580
8i, 178
48, 975
30, 385
55, 08z
133, B34
184, 004
8, B57
204, R24

2, 948, 341

1987

B25
L1
7H
785
170
730
878
2, 100
mo
484
240
262

B, 257

1967

L o7, 80
6G2, 079
138 808

67, B25
By, dop
48, 245
2. 407
83, j82
133, 560
183, 800
g8, 568
208. K62

2. 341, 084
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Calculation OF Fiood Control Redeases From Hoorer Dam

Gther Exeew Mvivels Atfﬁ:‘hﬂtyhmhfnnuonﬂlﬁmnukﬂy(ﬂcﬂwﬂﬁﬂ

HELH LEYY
384, 04 3, 097
125, #40 3, 2m

3. 718 3286
11,208 388
3,603 350
5,828 Mo
224 11, 305
63, 87+ 13, 858
21, 863 18, 465
2, 424 9, 8
10, 187 £09
i3, ves 684

830, 831 BS, 532

Cils Rivewr Moy Dotpo A2

thes 1989
720 L
77 ]

1,128 708
827 345
447 1. oo

ki 507
87 4110
185 % 830
348 338
402 33

1, 430 674
144 223

8, 124 i1, 400

Caloulabs) Flood Conilral Relnaes From Hoover Darg {Acte-feet} 1/

1988 1689

304, 185 a4, 978
135,171
7,598
1n. 578
b

0

0

b5, 618
2L, 51
23,134
8, 727
13, 924

Do OU DD OO0 o0

819, 353 a6, o

VoY

3, 750
2%

7S
431
di4
250
278
21, 040
12, 500
2761
158
286

41,088

308
1, 680
4,340

304

598

235

g8, 0Be

1990

OO0 CD oo D0

f =]

v

12, 912
237
64T
47
208
108

59
451
2,17
336
278
1, 674

20, 872

3, 362

1981

LoD oEe oo OO

<

It

a7y
143
13. 796
13, 407
12,141
356
i

1T, 884
753
13.545
1, 466
7,110

80, 732

ipez2

R0
Lh]]
18, 750
98, BOG
%, 289
13, 660
534
108
cél
406
330
yzy

187, 8vd

[
@
0
ot O R0 oo ol E=)

o=

vy

13D, 016
451, 668
1. 180. BL1
785, (22
452, @av
169, 6Y9
a4, 261
92, 063
67, 662
143, 243
125,744
20, 783

3, 692, 761

1983

181, 300
505, 700
1, 388, 400
938, 600
HoG, 600
296, 100
185, 400
123, 000
131, 300
157. 300
148, 400
35, W20

4, 720, 0RO

1968

[ IR B - ==~ < -

E—J

IR E

169
3
674
149
3. 348
a3
124

i, @04
778
87l
3, 166
13, 8%7

25,017

1804

15, 470
B, 240
9, B0
8, 47
B, 710
b, 500
2,440

851
720
1010
}, 08O
2140

84, 401

1504

=N - -~~~

L=

e

%, 485
1,083
iH]

19, 150
23, 218
75, 338
78, 346
&, 880
2458
Rz
B34
121

212, 324

1988

2,120
1, 340
#33

50, 090
135, 000
156, 100
165, 200
1%, 410
4,010
2, Goo

2,300
&, 400

534, pog

1995

oo oMOoo oo oo

(=]
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196

1Ha
281
219
421
i
41
51
Lrd
5
2, &g
126
g2

§, 333

1996

1, 950
L 310
Lilo
Ti2
451
a0l
144
433
430
702
545
16

8. 107

1996

D oOOOoRESe oa o

o

e

140, 849
244, 288
172, B8d
12, 408
128

gal
i183
218, 860

7450, 118

1007

1,110
1,010
170
810
845
217
305

5, 117

1097

108, 584
254, 280
171, 665
1, 768
4
]
6
216, 880

783, 020
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STATE OF CALIFORNIA—THE RESOURCES AGENGY BRAY DAVIS, Govsrar
COLORADO RIVER BOARD OF CALIFORNIA T
770 FAIRMONT AVENUE, SUITE 100 s A
GLENDALE, GA 91203-1035 23
(B18) 543-4678 TR

(B18) 543-4685 FAX

Faxto VickieDoyle IID  (760)339-9009 April 28, 1999

From Merlin Tostrud Colorado River Board of California
voice (818) 543-4676 extension 243

8 pages including cover
Vickie,

You asked me for information on IID uses 1940 and backward. The
following pages are taken from a memo to Gerald Zimmerman from me, dated
September 16, 1993, concerning historic California use of Colorado River water.
You’ll see, when reading the memo extracts, how the data were developed, and
that I worked with 11D in developing the information. If you have questions, or
wish the data sent in a spreadsheet file via e-mail, let me know.

Merl
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drainage goes back to the river directly, not through drains, as
unmeasured return flow. When the All-American Canal began
diverting, seepage made the measured return flows from YPRD jump,
almost doubling. A primary portion of the measured return flows
was seepage from the AA Canal., To this date, returns from the
YPRD have been strongly affecied by the AA Canal seepage., My
“a5,000" studied this matter, as well as unmeasured returns from
the YPRD, and concluded that crops were using 3.8 AF/Acre.

Hance, therae are no good diversion records far YPRD unt il
about 19882, And the measured return flows are even more
nroblamatic: much of YPRD drainage flows go unmeasured directly
into the Colorado; and the drain water which is measured includes
a signifieant amount of Ail-American Canal leakage. I've
astimated that around haif of the returns are All-American Canal
Teakage. '

Tha only plausibls method of determining YPRAD use is to
multiply 3.8 acre~feet per net acre times yearly acreage for
YPRD. This data was available on an svery-othar-year hasis for
the period 1822 through 1954 in USBR crop report data. YPRD use
was broken out between "whites" and "indiams”. "85,000" has
yaarly uss based on this maethod of using acreage for both the
Indian and Bard units of YPRD for the perind 1360 on,

4, Imperial Irrisation Digtrict (1iD): "The California
Developmant Company was formed in 1896 to reclaim Imperial Valley
with Colorado Rivar water, A c¢anal was axcavaied by the Ccmpany
connecting the Colorado River with the Alamo River, which then
was used as an unlined canel, In 1905, the Coclorado River during
flcod stage broke through into the Imperial valley and continued
unchecked until Fabruary 1007. The Imperial Irrigation District
was formed in 1811 under the California Irrigation District Act,
Iin 1918, the District became the halder of rights to Colorade
Rivar water formerly held by the California Development Company.”
(From DWR Dec 1981 Investigation Under California Water Code
Section 275 of Use O water™)

The fellowing, from "The Colorado River Fleod Protection
Works Of Imperial Irrigation District * History and Cost”, by M.
J. Dowd, helps explain the diversion of water into tha Imperial
Yealley.

"The work was started by a private company known as the
California Development Company, diversion from the river
being made on the Califurnia side a few hundred feet north
of the Mexican boundary. From this point a canal -- then
known as Imperial Canal and later called Alamo Camnal -- wvias
dug to the south parallel to the river a distance of some &
or § miles tu a connsclion with ong of the 0ld uver MNuw
channels of the Colorado knowr as the Alamo River., From
that point the old alamp Channel was utilizsd for some 50

RLVISED, the ronly yeansd, P-3
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miles to Sharp's Heading and from there additional canals
wore constructed to take the water bhack into the United
States,

“In order to operate in Mexico, the Company found It
necessary to organize a subsidiary Mexican corporation (La
Sociedad de Irrigaciun y Terrenos ge 1a Baja Calilurnia, S.
A,) and through the Tatter, a concession was obtained from
the Mexican Government o May 1204 fuor such vperalions,

“As In other cases of expenditure of Tunds by Lhe United
States in Mexico, General Marshall found it necessary to
carry on the work through a Mexican company. This time he
utitized the Mexican subsidiary company of the California
Development Company; however, dealings also had to be
carried on with the revolutionary forces of Generatl Villa,”

Diversions to lID from the Colorado River were first made
May 14, 1801 through the Alamo Canal. From rebruary 14, 1942 on,
all of 1ID's water came from the All-American Canal (USGS WSP
1313). Up to that point, 11D and Mexico both used the Alamo
Canal. The above quotes wsere given to point out problems in
devaloping use by 1iU. We do have pretiy good records of total
diversions into the Alamo Canal in USGS Water Supply Paper 1313,

The reascoh this memorandum is being updated is that when it
was originally written, the I[ID watermaster office was moving,
and all records were packed in boxes. IID was contacted after
its move 1o Tind out if a method existed for designating which
portion of water diverted into the Alamo Canal went to 11D, ang
which portion went to Mexico, In my earlier memo, [ sassumed 75%
went to IID and 25% to Mexico, Mr. Jimmie L. Flowers,
Watermaster of I1ID, sent us data entitled "Imperial Irrigation
District - Duty Of Water In Acre-Feet Per Acre - United States
And Mexico”. The data shsats have "Acres Irrigated”, "Acre-Feet
Delivered”, and "Acre-Feet Per Acre", 1f is not certain what
"Acre-~Teet Delivered” means. 1Is this water delivered to
farmers?, or to each country? If it is water delivered to
farmers, does it have a 10% reduction in measured delivery as was
IID’s practice until 19637 This issue 15 not really important,
because the numbers can bhe used only to allocate between 1ID and
Mexico the total water delivered into the Alamo Canal.

Some water was diverted to IID from Volcano Lake from 1518
through 1921. The diversion averaged 151,100 acre-feet per year,

Tbe data heading in USGS WSP #1313 says "Diversions from Colorade
River at Volcano Lake to Imperial valley, Calif.” I therefore

added 1t to IID’s use alons without prorating any of the Volsano
Lake water to Mexico. '

For the period of time 11D was obtaining all of its water
through the Alamo Canal, 1808-1838, there is a graph attached

REVISED, the carly yeanrs, P-4

&3



p4/28/1993 89:26

818-543-4685

COLORARD RIVER BOARD

PAGE

showing what percent deliveries to 11D wers of the total, and

what percent I
not obtain any water from the C

did not attempt showing IID deliveries f
almost the entire fiow of the Colorado,
flowed by accident

acre-Teaet per year,

1805 and 1806,

Raco

ID's irrigated acreage was of the total.
olorado River prior to 1801, 1
or 1802-1907 because
roughly fourteen mitiion
into the Alamoc Canal in
rds of flow into the Alamo for 1801-1905 are

110 did

skatchy, and 1ID did not begin its record Keeping until 1808,

Totals during the period 1808~41,
of deliveries went to IID.
{averaues,

data:

Rockwood Heading Deliveries (IID+Mexico) ..
Average to IID
Average to Mexico
Total loss

4 8% 3 E & B ¥ 5w

o= o8 P E N AT Y TN

P R O N TR T TN S T A RN TRUTNE TN TN U U T DRI B

FYOE YRR PR YT e

from IID data,
The following table summarizes the
in acre-feet/vsar):

show 70.02%

2,588,130
1,077,438

461,323
1,048,358

8
9

The average loss, 1,049,358 acre-feet/vear, was 40.55% of
the dslivaries into tha Alama Canal.

Probleams 1940-~1852

The period 1840-18R7? presents soma prohlems in gatrarmining

11D use,

on tha All-American Canal:

estimate I originally made in my September 1st memo.

1940
1941
1942
1943
1944
1846
1846
1847
1948
1849
1950
1951
1952

AA Can
Drop #1
From I1ID

76,372
1,024,984
2,407,922
2,325,508
2,445,002
2,515,588
2,697,450
2,833,390
2,699,314
2,761,992
2,938,666
3,066,818
3,203,411

Number
Teo Use

2,033,000
2,525,470
2,457,900
2,375,500
2,495,000
2,565,600
2,747,500
2,683,400
2,777,000
2,812,000
2,988,700
5,116,800
3,253,400

a/
b/
e/
e/
af
%4
e/
e/
d/
e/
a/
e/
e/

My
Qriginal
Number

2,601,400
2,557,670
2,501,500
2,456,440
2,549,670
2,753,610
2,934,460
2,850,740
2,717,000
2,741,500
2,889,600
2,993,900
3,131,400

a/ Dalivery At Rockwood * Del to IID/Dsl to Mex from
b/ All-American Canal at Pilet Kneb-Pilot Knob Wasteway,

(1,216,570 acre~fast) + Flow of Alamo Canal at Rockwood Heading
allocated in the same manner as 1/ (1,312,900 acre-~fwat)

c/ USGS wWat Bup Paper 1313 PK-PKWasteway
d/ From 11D Annual Report fer 110 @ Pilot

REVISBED,

the canly yeanrsd,

tnob (PK}

PS5

Following is a table showing IID's delivery at Orop #1
the IID use I decided to use;

and the

I1ID data

B84
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e/ 11D ds1 at drop #1 + 050,000 for ltosses Trom 1117 Lo drop 1.
T/ Same as 1/ except Mex/IID split based on 75% to IID.

g/ Same as 2/ except Mex/IID split based un 78% to 110,

h/ 11D del to users + 1,100,000 Tor losses and Il0 charging
Tarmars only S0% of actual delivery,

Explanation of IID use 1940-1952. 1940: In 1940, 11D
obtained a very small amount of water at Drop #1 on the Al1-
American Canal. There 18 no way to know §F The water wWas ever
deliverad to IID, or was merely used by USBR for testing.
Therefore, T ussed the method faor the 1308-1939 period 1o
detarmine 1ID's 1940 use, jgnoring the Drop #1 water.

In 1941, IID obtained water from both the Alamo Canal and
the AlT~American Canal, 1 estimated these values at 1,312,900
acra-feet from the Alamo, and 1,216,600 from the All-American
Canal.

For the years 1942 through 194/, I originally subtracted
flow through Pilot Knob Wasteway from flow of the All-American
Cahul mbove FPilot Knob wasrteway. The Colorado River Beoard of
Catifornis water report accounts use by IID and CVWD at station
1117 on the All-american Canal, a station just below Pilot Knob.
However, when the data came from IID for deldiveries to 1ID at
Drop #1, the Drop #1 flows were considerably lower than the
results of subtracting PK Wasteway from AA Canal Above PK
Wasteway. (Lowear by roughly 10%.) An invastigation of the data
source, USGS Water Suppiy Paper #1313, found USGS saying that the
(Tow of the AA Canal Above PK Wasteway was affected by backup of
flow from Drop #1. The back water would have raised the
elevation at the stage recorder without increasing the velocity,
thus reporting a higher flow than when the gage was calibrated,
prior to the construction of Drop #1. Hence, the AA Canal

station above Pilot Knob was not an extremely accurate source of
data,

For the peariod 18786-84, there was roughly 50,000 acre-feet
of I1D water lost to seepage between Station 1117 and Drop #1,
Therefore, I added 50,000 acre-feet to IID's recorded flow at
Drop #1 for the period 1942-1947,

1948;: I found the value of 2,777,000 acre-feel discharged
to 11D below Pilot Knhob in IID’'s annual report for the year.
110's records of 2,699,314 at Drop #1 show a loss to seseprge far
the year 1948 somewhat greater than 50,000 acre-feet. I chose to

use the IID annual report value rather than adding 59,000 acre-
fest to IID's flow at Drop #1 valjue.

For the years 1948 through 1852, I originally added
1,100,000 acre-feet to values for deliveries to farmers given in
the IID annual reports. That was the only value given in the 11D
annual reports for those ysars. Water diverted below Pilot Knoh

REVISED, ithe eaxrly years, P-6
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wasn't listed. They only listed water delivered to farmers, and
evah those figures are low by 10%, (IID charged farmers 10% less
“han was actually delivered until 1863. It must be remembered
that farmers were charged monsy on an acre-foot delivered basis.)
The addition of 1,100,000 takes into account the average loss of
water between station 1117 and the farmers' headgates of 900,000
acre-feet per year, and the 10% under-charge.

$ince my original esiimate of 1,100,000 acre~fest per year
for addition to 1ID’s delivery to farmers to arrive at fiow at
station 1117 contained a much higher possible error than adding
50,000 acre—feet per vear to 1ID's delivery at Drop #1 to arrive
at flow at Station 1117, 1 used the latter.

5. Coachella Valley Water District (CvwD): Water was first
taken from the Coachella Canmal in March of 1848, though it was
not taken with the District’s sanction. Official delivery of
water did not begin until 1849, Delivary ta CVWD farmers in the
first several years of operation were low, but the first forty-
nine miles of the Coachella Canal leaked roughly 130,000 acre=-
feat of water prior to its lining in the early 1380s.

8. Fort Moiave Indian Reservation (FMIR): Development of
FMIR did not begin until 1875. Records are tThese of USBR Article
vV, and include no return flow credits.

7. Miscellaneous California uses (MISBC): Miscellaneclus uses
from 1064 on are thoce shown in USBR Artiecle V records. Prior to
that, I made a rough estimate of these uses based on use by YPRD.
These miscellaneous uses from Artisle V are primarily pumpers on
Yuma Island, and the Article V data shows no return flow c¢radits,
My estimates of misccllancous uses prior to 1864 may be quite a
bit in error, but these uses, relative to total California uses,
are smaill.

PRIOR TO 1908

Up to the year 1801, the only uses of Colorado River water
in California were by Palc Verde Irrigation Districi, farmers in
the as-yet-unbuilt YPRD area, and some small miscellaneous uses
along the river. The major user, PVID, did not farm more than
20,000 acres prior to 1301, In my opinion, it was impossible far
california to have consumptively used more than 100,000 acre-fest

per year prior to 1301, Imperial Irrigation District began
diverting water for both itself and Mexico into the Alamo Canal
in 190%., Records are inadequate tu develop diversions prior to

1968, The accidental diversion of aimost the entire flow of the
Colorado River into the Alamo Capal from February 1905 until
February 11, 1907 cannot be charged against California as
consumptive use. It is impussible to e¢stimate what IID diverted
from 1903 through 1805, Ths physical features in place did not
marmit accurate control of the Alamo Canal intake, let alone

REVISED, ithe eanly yearnds, F 7
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IMPERIAL IRRIGATION DISTRICT

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY
Year Max. Min. Mean Max, Min, Mesn Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min, Mean Max, Min. Mean
1914 Mo records for these months 160 51 754 112 58 844 116 70 898
1915 73 36 535 7% 40 552 93 41 634 96 48 69.0 103 41 733 109 57 B3.i 116 62 3889
1916 75 25 523 88 29 618 160 42 678 100 44 718 105 50 759 116 55 854 111 62 899
1917 76 30 504 g2 32 574 93 32 588 98 41 66.7 99 48 710 117 56 8535 113 70 912
1918 85 26 537 88 28 571 95 40 647 95 44 685 98 50 730 113 59 887 110 59 8956
1919 g2 24 516 82 32 561 89 35 6la 160 48 718 01 535 710 114 57 854 18l 73 907
1920 £1 33 556 82 41 0603 85 38 6l 96 44 680 106 41 762 10B 58 828 118 63 913
1921 e 28 522 93 32 542 93 41 663 102 40 4669 104 46 725 110 57 B4 111 63 910
1922 75 23 495 90 28 557 8¢ 312 588 96 40 651 106 46 77.1 114 62 BAS 118 69 903
1923 85 28 561 87 30 56.7 89 34 604 95 42 678 107 52 781 114 54 795 113 67 886
1924 81 27 336 91 37 642 92 38 660 95 39 704 107 533 798 113 60 B8.9 111 65 3898
1925 82 27 516 85 35 612 94 39 644 100 44 707 103 54 786 114 55 843 15 64 906
1926 85 29 3539 88 33 615 91 42 669 105 50 73.0 164 55 786 113 62 869 112 62 903
1927 76 32 553 87 34 586 92 38 622 102 41 78 110 53 737 1il 54 3840 114 68 917
1928 86 29 562 g4 33 576 St 42 66.0 96 39 69.6 05 53 719 112 57 852 k4 62 903
1929 % 25 3507 88 24 550 93 36 619 98 36 66.0 02 49 7197 117 54 839 Il 69 907
1936 77 28 527 80 34 610 92 34 624 99 45 Ti.9 104 43 717 112 57 B34 112 68 902
1931 85 29 5438 76 38 5835 95 37 645 97 51 TS j08 55 B0.0 11y 58 847 116 75 952
1932 75 25 497 87 28 572 94 40 64.1 98 47 652 102 52 769 (10 58 842 111 63 3899
1933 76 19 502 78 23 5L 87 39 634 a6 45 66. 106 44 734 111 57 840 117 6% 929
1934 81 30 565 82 406 629 101 42 716 102 42 755 112 54 822 106 52 805 118 66 937
1935 84 29 554 84 36 60.1 83 36 601 95 43 697 102 51 750 113 58 BB.6 113 61 902
1936 78 31 549 83 35 593 93 41 672 101 43 733 166 51 B80.6 187 54 BB.O 19 63 924
1937 68 16 43.8 82 31 557 88 41 612 98 46 6906 108 53 772 10 58 847 117 72 946
1938 80 33 3568 82 34 571 88 38 614 165 40 6597 1y 50 719 112 58 3857 115 62 917
1939 78 35 536 81 3z 423 95 31 634 162 48 732 (08 55 752 114 59 851 118 66 922
1940 83 32 578 B3 35 583 91 39 663 163 52 723 108 61 B2.7 117 62 B4 116 61 9038
1941 74 38 565 78 4 610 87 43 6338 95 45 613 105 48 79.6 108 58 834 114 66 916
1942 80 27 564 78 33 563 93 38 625 94 45 69.1 110 46 767 i13 58 856 118 71 9435
1943 85 25 556 85 32 605 95 44 670 100 45 721 106 55 790 110 53 815 118 62 899
1944 80 3F 339 78 32 548 88 3% 613 99 47 693 100 50 763 110 37 799 ilz2 64 879
1945 81 33 559 82 36 5BS 88 37 603 100 35 685 100 54 764 114 58 B35 113 772 919
1946 78 31 549 86 31 363 87 40 623 101 44 731 163 56 770 111 60 876 111 67 9135
1947 83 28 529 85 39 617 88 42 648 164 45 729 116 52 797 110 61 847 113 67 923
1548 84 s 54.8 85 26 589 85 35 590 100 41 705 104 50 773 14 54 837 112 65 898
1549 71 21 453 82 28 3538 85 41 616 102 45 733 e 5 710 116 57 86.1 115 66 50.7
1950 82 21 517 85 34 610 95 36 649 101 45 736 103 49 755 118 57 Bi6 17 65 898
1951 84 32 544 88 31 575 88 33 624 98 46 697 11t 47 74 110 56 832 113 63 914
1952 75 26 514 8 35 580 87 37 594 95 S50 6095 105 56 816 110 55 827 181 67 905
1953 86 34 595 85 30 583 91 35 633% 97 44 634 9% 49 724 113 53 B36 114 72 936
1954 B4 31 360 92 41 o844 96 37 619 03 45 745 102 50 780 112 53 835 116 71 829
1955 T35 518 83 29 552 92 35 636 88 350 690 103 48 749 113 55 84.1 113 64 837
1956 80 35 531 80 29 543 93 33 649 98 41 689 164 52 6.8 113 59 871 1 o4 902
1957 74 30 546 89 34 637 01 40 649 94 45 693 162 55 738 117 62 887 ils 71 93.1
1958 80 35 575 81 40 66 31 38 607 102 42 704 109 54 826 112 61 86.1 117 67 91.2
1959 85 33 583 83 37 5713 91 41 669 102 49 743 93 51 76.1 116 62 883 113 73 943
1960 7% 27 521 81 31 569 92 43 678 97 47 731 199 52 T71.8 113 65 8%.6 115 8% 934
1561 83 34 580 82 38 609 86 43 643 {03 50 723 102 50 760 116 56 881 114 64 512



IMPERIAL IRRIGATION DISTRICT
MAXIMUM, MINIMUM AND MEAN TEMPERATURES BY MONTHS FOR YEARS 1914-2002, INCI.USIVE

JANUARY FEBRUARY MARCH APRIE MAY JUNE JULY

Year Max, Min, Mean Max. Min. Mean Max. Min. Mean Max. Mir. Mean Max. Min, Mean Max. Min. Mean Max. Min. Mean
1952 87 25 554 81 28 59.1 39 32 597 HEH 50 M43 101 48 735 111 57 B44 110 68 904
1963 73 24 520 90 42 653 38 38 62,6 95 43 618 104 5z 719.2 110 51 82.0 I14 69 91
1964 kX 30 520 80 32 562 91 36 615 9g 47 684 102 45 762 112 60 840 13133 72 921
1965 82 i3 572 88 31 595 34 36 621 10t 44 701 105 52 768 105 51 80.6 P13 69 906
1966 77 36 528 Kxi 32 559 97 34 657 98 49 736 103 58 804 110 62 8563 P15 7t 92.3
1967 81 30 55.4 85 38 60.3 91 42 66.0 88 45 633 107 48 76.5 1t1 57 827 E13 75 933
1968 79 i3 557 90 44 654 G2 44 660 98 46  69.3 108 55 787 115 60  BG.6 i14 68 914
i969 82 i3 595 76 36 578 96 38 633 95 49 711 107 54 801 109 62 819 ils 67 928
1970 79 29 353 83 39 616 90 43 639 94 43 669 109 53 788 19 58 868 i13 71 531
1971 20 23 533 89 3t 592 98 32 6438 94 48 688 99 54 738 112 54 842 113 61 923
1972 Y& 24 529 86 30 618 94 46  T0.8 96 42 717 102 54 783 114 &6 Bo.0 116 73 %40
1973 77 3 533 77 40 595 80 43 607 97 46 685 107 54 B0 117 57 879 1E5 70 912
1974 81 28 56.0 81 38 583 90 40 656 96 47 705 111 5t 187 116 59 894 112 69 912
1975 83 3t 551 33 34 576 86 40 615 88 42 637 165 50 758 110 59 851 145 71 81.7
1976 86 29 572 34 40 60.9 g9 42 630 99 45 677 166 35 792 115 50  B6.B 113 66 906
1977 80 33 3587 91 3% 633 87 39 608 o8 43 722 105 53 726 115 66 883 113 7z 930
1578 76 3T 574 82 3 606 95 47 616 03 48 693 107 54 7187 115 62 909 116 68 936
1979 14 31 52.6 79 35 58.9 89 42 h4.1 97 46 71.9 102 52 77.2 115 Gl B1.6 115 68 91.9
1980 77 38 60 85 3 632 86 46 633 101 46 M. 101 52 739 ild 59 874 116 73 949
1981 83 42 60.9 90 38 618 91 44 644 97 47 128 103 56 784 itd 65 905 112 73 912
1982 76 33 558 26 37 617 83 41 633 o4 44 767 101 52 709 108 59 828 113 H 90.5
1983 82 35 59.0 85 42 60.5 99 46 65.2 20 45 66.7 114 52 789 108 57 84.3 114 67 92.0
1984 82 35 387 g3 32 603 g5 40  66.7 101 48 702 111 58 830 11 61 857 P2 75 918
1985 i3 36 54.8 B5 28 576 86 3% 63.8 10t 54 743 101 57 792 114 61 8R.6 116 728932
1986 85 38 614 96 34 634 99 44 69.5 102 3 726 106 3 797 1id 64 85.2 115 76 512
1987 83 31 551 82 39 60.0 85 41 64.0 101 50 75.9 104 56 78.8 114 [ik] BE.1 112 64 39.8
1988 79 32 555 84 37 619 99 40 664 10t 45 T0.7 108 50 714 108 54  85.1 111 65 916
1989 78 32 544 93 3 599 96 42  GB.B 105 51 768 106 54 754 11t 62 869 14 69 927
1950 8 31 549 86 29 578 93 41 664 99 53 7356 102 54 789 117 59 873 114 69 922
1991 77 31 54.9 85 39 643 82 38 602 98 45 701 162 51 750 106 606 820 12 69 B33
1992 30 35 558 83 44 624 85 45 639 101 51 743 99 60 798 108 62 B4b 114 65 89.5
1993 74 29 340 78 40 586 90 44 615 101 50 733 100 52 791 t14 57 869 113 67 894
1994 82 34 5715 80 33 569 92 44 671 100 48 713 105 51 159 il5 63  B8.7 112 67 923
1995 78 37 554 87 42 643 90 40 647 97 41 6838 102 52 131 111 54 828 121 68 915
1996 82 34 578 87 35 627 91 43 662 103 52 127 168 57 809 110 53 g6t 115 61 91.1
1997 78 37 570 83 34 580 94 37 666 97 41 697 107 59  #28 107 57 834 i13 63 8B4
1998 79 34 565 75 40 374 91 41 62.6 98 44 670 95 5t 72.9 114 55  BlLS 116 68 917
1999 77 36 56.7 84 36 59.0 90 42 61.8 100 41 65.0 105 43 76.3 110 52 836 111 69 89.7
2000 82 35 591 80 41  6l.6 89 43 646 101 50 748 112 55 819 1 61 88.4 113 66 91.6
2001 79 3 550 84 36 577 94 44 66.9 99 46  70.0 112 35 839 112 66 894 115 69 916
2602 82 33 360 86 32 603 93 35 636 499 50 722 106 56 783 112 66 B84 113 7z 9.0
Average 797 306 549 84.1 347 359.1 90.7 3535 640 984 453 0.3 1049 520 775 1123 582 855 E13.8 674 914

S E-W



Year
1914
1915
1516
1917
1518
1919
1920
1921
1922
1523
1924
1925
1926
1927
1928

1929
1930

1931
1932
1933
1934

1935
1936
1837
19338
1939

1940
1941
1942
1943
1944
1945
1946

1947
1948
1549
1950
1951
1952
1933
1954
1955

IMPERIAL IRRIGATION DISTRICT

MANIMUM, MINIMUM AND MEAN TEMPERATURES BY MONTHS FOR YEARS 1914-2002, INCLUSIVE

AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER FOR YEAR

Max. Min, Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Date Min, Date
112 64 887 108 60 B4l 160 52 734 91 41 656 No Record 113 8-3 Incomplete
117 64 906 109 52 8Lz 104 50 755 91 30 60.8 B2 28 5441 117 8-10 28 12-17
111 56 877 110 57 831 95 43 682 90 30 585 79 25 512 116 6-15 25 1-12
109 62 BB.9 108 53 853 o6 44 762 90 38 637 89 31 583 117 6-16 0 -3
114 55 B6.7 105 56 831 O 44 747 86 32 594 82 28 505 114 8-2 26 -1
113 67 903 107 60 837 84 36 683 88 31 597 82 311 556 114 6-26 24 1-1
111 58 §7.8 B 53 B1.8 162 41 657 86 34 3582 7829 5319 115 7-8 29 12-14
110 68 BB.S 07 57 826 103 43 751 93 32 6822 81 33 534 11t 7-22 28 .12
110 67 888 113 59 872 00 42 733 85 34 582 79 34 566 114 6-29 23 1-23
107 67 876 109 51 807 97 44 697 83 35 621 7 32 528 114 6-28 28 1-3
113 61 89.0 168 48 3842 100 44 69.4 93 34 616 83 23 534 13 6-28 23 1226
109 67 880 104 52 807 101 46 704 96 33 604 80 31 560 IS5 7-16 27 kil
110 63 894 106 53 826 100 44 731 92 3% 634 78 27 521 i13 6-26 27 13-27
115 72 %09 106 56 3828 101 43 738 68 37 639 85 31 534 115 810 3t 12-8
113 60 8853 113 54 855 102 45 722 88 31 612 79 29 530 ila 7-24 29 1B &

12-47721
11 73 %05 112 54 808 104 40 738 88 30 35932 84 31 580 117 6-24 24 2-8/9
110 63 876 116 51 799 100 46 702 92 31 610 7 26 515 112 o7&

7-2, 1,15 26 12.22
112 70 899 111 58 830 58 51 734 83 27 580 5 28 511 116 7-2 27 11-2325
114 62 B899 12 60 856 102 45 718 87 40 632 80 30 508 14 8-3 25 127
118 67 915 109 59 849 105 350 7719 9t 37 635 g2 29 558 1i8 8-11 23 2-8
17 71 940 i14 53 B6S 109 49 775 94 38 656 g1 3t 572 118 7-260217,
7-30/31 3¢ 1-9

115 70 9066 109 63 874 599 42 729 Bl 36 5935 7833 561 115 8-1t 29 122
112 67 918 108 52 837 103 47 742 50 36 623 76 32 543 119 7-14/16 31 1-19
115 65 936 112 61 8B.3 99 54 759 91 40 643 82 33 587 117 7-Z 16 1-22
114 65 90.7 108 64 B7.2 100 46 725 84 29 572 8% 315 573 115 7-19 29 11-25/28
111 75 927 112 58 821 95 44 724 91 44 647 85 32 597 [18 7-13 32 2310

3-1; 12-28
117 66 923 1i0 62 B43 101 4B 751 86 38 6Ll 85 30 586 17 6-13 30 i2-1%
109 65 B87.2 104 53 791 100 47 695 91 30 642 82 37 566 114 7-10/20 36 11-20
113 62 %18 169 60 B4l 101 45 739 88 36 63.3 81 32 511 P18 7-24/25 27 17
110 67 3889 113 64 877 105 45 748 86 36 0623 74 35 547 119 7-25 25 §-19
115 65 915 111 57 857 101 55 761 85 35 609 71 33 559 115 8-11 3 1-9M10
110 68 902 114 56 867 101 49 762 9% 39 617 80 31 541 114 619 &5-5 31 12-14/16
113 68 920 1 63 266 9 46 701 81 38 550 B2 35 573 113 8-2 3t -1131L

2.3
113 60 892 113 64 B7.S5 105 49 745 g% 30 579 74 28 516 116 5-3 28 -4 &1214
115 65 913 118 54 B8O 103 46 755 83 34 589 76 31 521 118 9-3 25 -t
114 61 B9.B 112 64 897 102 41 7.5 93 43 678 87 26 3528 15 7-14 21 -4
116 66 905 118 58 B28 106 54 787 98 34 672 84 35 o606 118 630 & 9-i 2t i-4
111 66 89.6 108 62 868 105 350 756 85 38 607 78 30 5446 113 7-31 30 12-9
112 712 922 112 51 876 108 57 8is 88 34 589 84 32 551 112 8-3&9-1/22 26 1-4
111 681 900 ill 61 B64 161 48 752 90 37 646 B2 26 546 114 7-2 26 12-25
13 66 B89 108 54 B6.S 101 46 765 B¢ 43 668 79 27 557 116 7-28 27 12229
110 72 90.9 183 60 865 W4 32 TLT 89 40 634 84 37 578 113 6-9/22 29 2-20

2.

MEAN
FOR
YEAR

71.2
71.1
71.0
70.9
70.9
70.1
70.8
T0.6
032
72.5
TE
72.6
723



Year
1956
1857
1958
1959
1960
1961
1562
1563
1564
1965
1965
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1985
1590
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2004
2002

Avernge

AUGUST

SEPTEMBER

IMPERIAL IRRIGATION DISTRICT
MAXBMUM, MINIMUM AND MEAN TEMPERATURES BY MONTHS FOR YEARS 1914-2002, INCLUSIVE

QOCTOBER NOVEMBER DECEMBER FOR YEAR
Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min, Mean Max, Pate Min. Date
i1] 60 BB.3 113 64 905 100 44 T35 92 33 620 81 29 56.7 113 6-12,5-2 29 2-3,12-9
114 63 903 110 61  B6.3 101 51 7LS g2 37 60.3 82 36 579 117 6-24 30 1-27
111 77 929 109 66 B1.7 103 50 783 96 32 633 90 36 596 I 7-9 32 11-17
B2 66 90.6 111 60 83.7 101 45  76.5 B8 36 64.6 83 36 56.1 116 622 i3 -5
115 69 91.5 111 64 B8RS 103 50 752 90 39 627 78 28 549 118 7-16 & B-13 27 -3
il1 64 90.7 105 5% R26 103 43 735 83 37 605 77 33 552 116 6-25 33 12-12
113 69 936 110 61 871 102 55 76.0 93 42 663 83 34  58.0 113 8.25 25 i-12
110 72 90.3 111 66 B7.3 102 58 78.1 89 42 645 80 33 560 114  7-14 24 1-13, 14
111 68 905 107 61 837 105 55 793 86 33 607 85 32 56.8 116  7-12 30 1.9, 10
111 70 9t.2 119 58 B2O0 105 53 784 90 41 66.0 80 36 552 113 7-4 31 2-12
111 T 926 109 62 BG6.1 g5 4% 7446 94 43 651 82 32 574 11 7-6 30 i-4,22
113 74 935 104 65 855 97 54 TLT 94 44 679 78 33 53.2 s 71,2, &£8-29 30 -7
108 65 B8.6 113 58 855 98 53 760 88 42 659 75 27 524 115 622 27 12-22
117 75 959 113 65 B8.7 102 51 725 89 42 64.7 77 33 577 17 8-4 33 130
114 72 935 11t 57 B4S 98 42 719 87 43 638 78 37 552 119 6-25 29 3-3
110 7 93 115 56 85.6 102 36 69.9 87 39 617 72 31 525 115 912 23 1-5,7
116 68 B9.5 107 61 842 104 52 720 24 41 60.5 78 28 542 116 731 &8-1 24 -5
1 64 91.0 1310; 60 B3.8 99 50 754 92 40 639 80 i1 5715 117 627 30 1-6,7
112 68 90.7 F10 67 BB.6 102 49 758 B8 40 642 79 0 537 116 627 28 1-3
i15 69 91.8 109 66 817 103 43 733 92 37 633 85 32 572 115 7T-11 &8-4 31 1-2,4
i1l 64 BO.1 i05 66 B2.6 98 47 750 92 33 659 79 33 563 1y 6-27&7-6,7 29 i-1,2,3
112 72 916 in &0  B3.6 99 51 783 89 41 663 83 41 396 115 6-28 & 6-29 33 i-10
i1l 65 91.6 107 60 B4.7 105 57 79.9 89 42 630 75 29 530 116 7-19,20 29 12-8,9
112 6% BR7 111 70 900 103 47  T8.0 84 34 621 85 37 590 115 6-13,27&7-16,24 31 1-2
113 65 9.1 110 63  86.6 119 48  76.6 94 38 649 85 40 614 116 7-27 38 1-58&11-18
116 6% 939 107 66 BB.S 36 48 730 90 44  66.5 81 36 59.8 116  8-27 36 1223
113 73 924 116 56 845 g5 56 738 84 43 619 75 35 554 116 9.2 33 b4
111 69 808 12 64 B804 96 61 715 50 39 649 76 36 588 e 7-12 413 35 P-L2&4
116 7% DSL8 112 67 B9.% 102 49 728 89 38 633 ! 34 546 116 8-30 34 12-18
117 68 921 167 58 809 100 54 7143 88 36 ol2 80 33 511 17 8.24 28 2-3
112 74 93.7 112 58 RB2D 97 54 735 87 42 650 77 33 570 115 7-3t 33 12-12
115 66 91.2 110 62 B6.7 106 56 79.4 g4 41 6316 77 28 534 115 831 28 12-27
105 67 90,7 Hi 58 851 103 59 B0.1 96 40 647 33 0 559 il 7-25 3¢ 12-27,30,31
110 67 894 111 56 859 99 46 745 90 37 643 81 34 564 114 7-1 30 2.7
109 67 EBS.0 112 65 865 99 50 754 87 36 615 17 21 515 117 6-26 21 12-23
109 71 509 108 63 871 167 43 798 93 319 638 15 33 560 12 728 31 1-30
113 64 920 107 68 BB 103 57 766 g7 36 603 70 31 514 4 7-18 3t 1221
118 66 903 112 57 857 105 33 7638 87 36 6l.1 76 33 549 118 8. 25 1-4
112 77 937 109 61 B77 97 47 4.4 £9 33 567 76 31 534 115 6-25 31 12-11
P14 69 940 112 62 903 101 50 763 21 45 6BA4 80 7 57 121 728 37 01-18;12-22,24
112 68 91.8 107 63 842 106 41  74.0 87 41 633 78 0 5640 115 7-31 30 12-20
114 75 926 110 65 818 103 47 734 94 43 649 76 32 532 114  8-05 32 12-25,26,27
115 67 926 107 59 B4.8 7 45 721 83 40 616 B 28 544 e 7-27 28 12-23
11l 66 B89.9 100 62 B86.0 104 0 71 S0 41 665 78 37 56.% 1y 7-1 &8-23 36 1-13,29 & 2-11,13
112 72 927 11t 62 B6.S 100 51 736 79 37 589 81 37 587 113 7-18,19,24,25 5 I8
114 72 929 108 68 B%.5 97 58 793 90 43 683 78 35 546 113 72 35 12-17,26
112 70 914 112 62 B8.2 101 54 752 88 44 664 77 35 568 113 7.12 32 24
1125 67.% 908 110.6 597 BSS 1014 484 747 38.8 374 0628 798 319 555 1152 28.%
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MEAN

FOR

YEAR
T2.7
73.0
74.4
739
3.6
72.8
73.2
73.0
7.9
726
733
73.0
735
74.0
73
na
730
72.8
73.6
721
72.9
74.1
743
73.6
74.5
75.3
72.6
74.0
74.1
732
149
73.9
73.8
4.2
73.0
728
732
732
3.
74.0
73.9
73.2
7t.4
2.4
14.4
75.0
742

727






IMPERIAL IRRIGATION DISTRICT
WATER CONTROL SECTICN
12 HOUR RUN MONTHLY TOTALS

16678 1195 73,962.%

tHOLTVILLE RUNE 'EL CENTRO RUNS +IMPERIAL RUNE  ERAWLEY RUNS ‘WESTMORLAND RUNS  CALTPATRIA RUNS ' TOTAL DIVISION RUNS
DATE v AM. PN CFS | AM. P.M. CF: | AM. P.M. CF5 | A.M. P.M. CFE | AM. P.M. CFS | AM. P.M. CFS | AM. P.M. CF
e e o e : e R -1 S—
JAN 9% | 237 4 918.5 | 8b 5 431.0 1 70 0 250.0 ¢ 81 0 239.0 | 250 g8 1.043.0 7 201 7 790.0 | 934 24 3.871..
FEB 82 | 256 & 1,013.0 ) 111 & 881.6 ) 76 0 010, 89 & 361.0 7 192 19 743.0 ¢ 167 15 708.5 | 901 52 3,878.
MAR 92 | 203 8 048.0 | 138 10 708.5 1 95 3 486.0 | 120 16 Bs4.5 ) 178 11 723.0 1 162 12 728.5 1 895 58  4.148.!
APR 92 [ 314 2 1,870.0 { 204 186 1.,017.0 7 122 5 626.5 | 155 29 823.5 | 228 75 1,252.0 182 18 781.0 § 12686 153  6,170.1
MAY 92\ 484 18 2,104.0 1 273 21 1,352.5 ) 139 3 702.5 | Z32 18 864.0 ; 266 57 1,189.5 | 208 7 8658.0 ; 1582 124  7,080.!
JUN 92 ) 288 34 1,404.5 ) 180 26 1,001.0 1} 145 11 791.0 144 22 757.5 | 100 41 620.0 | 112 10 601.5 ; 949 144 5,175.!
JUL 92 1 223 29 1,431.0 ) 1868 38 1,111.b | 145 9 856.5 | 125 23 g50.5 | 112 23 g34.5 | 113 5 546.5 | 904 127 5,230.!
AUG 92 | 186 7 937.5 1 181 21 925.56 | 117 3 648.5 + 105 10 498.5 | 119 18 851.5 106 17 576.5 | 794 786  4.238.¢
SEPT 92 | 345 26 1.B20.5 F 240 38 1,131.0 ) 132 2 b82.0 | 168 5 B70.5 | ZZ6 2 1,120.0 f 183 20 725.5 | 1292 133 5,858.!
OCT 92 712 5 2,055.5 | 261 26 1.,0868.5 | 168 1 672.5 | 273 22 1,196.0 | 458 32 11,8055 } 298 12 1,190.5 ) 2171 145 8,998.!
NOV 92 1 710 &0 2,906.5 ) 218 18 §31.5 1 180 3 6260 | 272 4 1,202.0 ¢ 406 31 1,544.0 | 258 7 1,013.5 | 2022 93 8,225.!
DEC 92 | 281 16 1.,248.0% 97 4 402.0 1 65 0 270.b 1 89 5 377.0 140 22 566.0 | 135 3 588.5 | 818 50 3,442
i 1 1 1 1 1 i
TOTAL 927 4239 242 19,066.0 | 2180 229 10,651.5 | 1435 40 6,815.0 | 1871 189S £,094.0 | 2678 379 11,972.0 | 2125 131  ©.118.5 | 14528 1180 65,717.(
1 ] ] ! ] ' 1
1 + 1 ¥ 1 \ 1
JAN 93} 50 4 143.8 3 1 17.5 7 10 3 61.7 | 15 2 2.5 54 1 177.5 + 44 2 119.8 | 178 13 549 .¢
FEB 892} 174 18 g05.8 7 71 8 6.5 VT2 2 ag7.2 © be 2 1eg.0 § 134 12 495.3 | 141 b 455.0 | 649 47  2,4B0.¢
MAR 93 | 368 47 1,689.9 ) 217 11 1.299.2 ) 204 & 1,006.2 7 181 15 948.5 | 356 37 1,547.5 | 260 8 1037.4 | 1587 124  7.508."
APR 93 1 379 28 1,726.6 | 296 25 1,660.8 | 219 g 1.161.6 | 241 19 1,088.0 ) 375 45 1,694,686 | 279 18 1,163.8 | 1789 143 8.475.¢
MAY 93} 481 34 1,989.1 % 301 31 1,B21.3 ) 226 17 1,351.9 % 274 15 1,156.8 | 388 31 1,512.8 | 252 & 997.1 7 1862 136 8,529.(
JUN 93§ 271 20 1.213.4 1} 251 25 1.,484.4 | 144 10 787.2 v 201 1e 1,082.0 % 188 5 g76.2 | 188 11 910.8 | 1253 116 6,454 .(
JUL 93 1 1Y7 0 23 1,138.8 ) 206 14 1,149.8 ) 146 18 1,002.4 ) 158 9 §49.8 |, 126 15 727.4 , 135 6 6830.2 V947 85 5,498.¢
AUG 93 ) 185 13 a03.1 | 179 17 981.8 | 134 1 756.7 | 148 10 727.9 | 166 42 964.8 | 136 21 712.9 926 104  5,047.:
SEPT 83 | 386 42 1.823.1 %1 219 1B ge4.3 7 173 4 802.7 | 245 g 841.2 | 339 20 1,277.2 | 231 & 820.2 } 1592 96 6,359.7
OCT 93 1 660 53 2,638.91 280 26 1,259.1 1 213 10 999.3 | 435 17 1.885.4 } 71 42 2,831.4 ) 293 30 1,173.8 ) 2632 178 10,457.%
NOV 93 | SR3 20 1.,804.2 ¢ 182 3 Bo1.8 } 132 i 570.4 7 292 7 1,139.6 481 2 1.,624.6 | 216 14 780.2 | 1788 66 6,600.¢t
DEC 93 1 449 37 1,769.0 )} 159 14 802 .2 1 189 4 751.4 + 187 3 689.0 | 366 22 1,364.4 | 178 7 T747.0 | 1479 87 6,003.C
k i 1 ! t i 1
| j I i I )
[} i ¢ i L 5

2354 136  0.548.0

-1

1842 84 9,639.7 2411 124 10,354.7 | 3643 304 15,183

TOTAL 93} 4083 357 17,215.5 | 2344 190 12,020.7




copies: Mr, Flowers Ms. Clark
Mr. B8ilva (2) Mr. O"Hllaran {8) IMPERIAL IRRIGATION DISTRICT
Mr. Dimmitt Mr. Moore WATER CONTROL SECTION
Mr. King 12 HOUR RUN MONTHLY TOTALS
Mr. Grubaugh

tx}

HOLTVILLE RUNS SOUTHWEST (L) RUNS% |SOUTHWEST (M) RUNG% !BRAWLEY RUNS WESTMORLAND RUNS CALIPATRIA RUNS TOTAL DIVISION

DATE AM. P.M. CFs | AM. P.M. CFs | A.M. P.M. CFS | AM. P.M. CFS | A.M. P.M. CFS | A.M. P.M. CFS AM. P.M.

JAN 94 325 23 1,286.8 144 8 685.0 133 3 551.8 144 8 882.2 3oz 12 1,139.4 144 5 580.0 1192 57 4,82
FEB 94 286 27 1,051.@ 149 11 857.2 126 2 b40 .8 135 5 519.2 282 19 1,008.0 168 5 703.8 1129 69 4,47
MAR 94 383 37 1.834.8 229 7 1,109.4 201 7 844.5 185 8 843.8 308 18 1,278.2 210 16 986.6 1527 83 6,79
APR 94 501 27 1,784.9 368 15 1,820.¢ 2bb g 1,288.8 419 14 1,527.0 452 Bb 2,128.0 244 11 1,171.0 2139 131 9,73
MAY 094 615 31 2,257.2 331 18 1,5691.2 225 6 1,200.6 312 11 1,303.2 364 22 1,477.2 232 16 1,112.8 2083 162 8,84
JUN 94 372 24 1,850.¢ 279 35 1,589.8 172 23 1,877.¢ 188 20 8975.2 266 43 1,334.4 143 32 868.0 1420 177 7,53
JUL 94 206 18 1,318.4 266 25 1,601.7 ige 1z 1,183.8 196 14 1,8186.7 154 38 928.5 11 21 £615.8 1113 128 8,66
AUG 94 197 11 1,178.8 254 36 1,594.7 171 5 1,018.7 182 1 879.5 164 31 87¢.9 123 23 740.1 1091 116 6,38
SEPT 94 343 28 1,587.2 245 37 1,201.8 190 10 1,038.8 233 23 1,048.8 322 44 1,433.2 217 18 992.0 165 168 7,13
OCT 954 816 61 3,349.8 347 13 1.5¢0.4 227 5 931.8 352 22 1,427.4 644 28 2,564.6 J66 12 1,304.4 2762 138 11,07
NOV 94 7688 21 2,860.4 3ol 12 1,239.4 163 e 689.2 278 12 1,115.0 613 32 2,433.6 302 4 1,127.4 2426 81 9,48
DEC 94 477 12 1.852.6 149 5 631.4 143 4 826.0 137 3 551.6 322 12 1,335.8 149 2 588.2 1377 38 5,58
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JAN 095 174 13 b87.6 (#Southwest (L) & (M)} 113 4 378.8 58 B 196.8 203 7 687.8 82 2 282.8 640 3z
FEB 895 37 18 1,420.4 combined 1-1-95 Je4 11 1,674.2 147 15 639.2 451 24 1,825.2 169 8 719.9 1497 76
MAR 95 473 32 1,842.4 664 21 2,667.8 237 14 1123.6 819 47 2,707.8 228 23 1163.4 2122 137
APR 95 542 43 2,1168.4 646 49 2,984.9 218 7 1,807.@ 583 b2 12,4B5.2 296 28 1,418.4 2285 179
MAY 95 537 34 2,488.8 716 31 3,403.8 208 13 1,018.8 511 Bl 2,132.0 2672 16 1,318.6 2234 145
JUN 85 367 30 2,041.6 606 30 3,260.3 212 27 1,120.4 322 51 1,556.0 163 27 879.4 1870 165
JUL 95 236 24 1,B627.4 4568 41 2,872.0 206 33 1,227.2 181 45 1,240.4 129 42 963.8 1266 185
AUG 9b 227 20 1,325.8 425 47 2,622.2 176 12 921.2 217 35 1,274.4 135 14 785.4 1180 128
SEPT 85 438 28 1,802.8 445 42 2,154.¢ 233 19 1,064.4 408 39 1,796.8 261 9 1,142.4 1785 137
OCT 85 B32 38 3,220.Z2 683 37 2,850.8 345 20 1,463.8 825 36 3,395.0 442 15 1,862.6 3127 146
NOV 95 788 16 3,027.9 476 18 1,680.4 358 5 1,301.2 876 23 2,426.4 289 16 1,134.4 2573 75
DEC 95

TOTAL 85} 4988 206 21,583.8 5488 320 26,5b6.1 | 2396 171 11,083.6 | 409¢ 410 21,497.0 | 2456 199 11,678.2 20319 1396
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IMPERIAL [RRIGATION DISTRICT
DELIVERY GATE WATER USE HISTORY

Resolution No. 12-96

WHEREAS, Imperial Irrigation District (1iD) and San Diego County Water
Authority entered into negotiations for a water transfer program that might include on-

farm water conservation; and

WHEREAS, one element of an on-farm water conservation program may include
voluntary allocation of water use by delivery gate based upon historical average use;

and

WHEREAS. the Water Department maintains a water use record for every

delivery gate, and

WHEREAS, 11D needs to insure that irrigation water in excess of that considered
reasonable and beneficial not be applied in order to increase the delivery gate water

history base.

NOW, THEREFORE, BE IT RESQLVED that in the event that an on-farm water
conservation program will include allocation of water delivery by gate, that history will
not include any records of water delivery accrued after January 1, 1996

PASSED AND ADOPTED this 28th day of May, 1996

IMPERIAL IRRIGATION DISTRICT

GRGANIZED / ¢
juty 25, 1311 by &% éf p 4-/&45:——7-7/

President
f/ Secretary

WATERUSZ RES
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MPERTAL TRRIGATION DISTRICT

OPERATING HEADGQUARTERS « p O BOX 837 s |IMPERIAL CALIFORNIA 82251

(760} 338.9751
FAX (760} 333-9008

RPM

August 23, 2001

Mr. Robert Johnson, Regional Director
US Department of the Interior

Bureau of Reclamation

Lower Colorado River Regional Office
P.O. Box 61470

Boulder City, NV 89006

Subject; Lower Colorado River Accounting System {LCRAS)

Dear Won:

The Imperial Irrigation District (iD) would once again like to reiterate our dissatisfaction with the Lower
Colorado River Accounting Systemn (LCRAS). 1ID supports the objections voiced previously by our staff
and other Colorado River contractors, most notably the Palo Verde Irrigation District.

While iID has participated in outreach workshops sponsored by your office and has offered comments
and suggestions to improve LCRAS, our concerns regarding this project have not been addressed,
LCRAS data and methodology continue to be revised. However, the Bureau apparently intends to replace
the current decree accounting process with LCRAS for the 2001 calendar year. D cannot support
consumptive use values developed through the LCRAS process, and adamantly opposes the
implementation of LCRAS at this time.

Additionally, 1D has learned that outside organizations are utilizing unofficial data from existing LCRAS
“demonstration” reports to further their own agendas. All information published as a result of the LCRAS
process should be clearly noted as DRAFT to prevent this type of indirect legitimization. D urges the
Bureau to discourage further misuse of unofficial data and conclusions.

Once again, ID appreciates the Bureau's interest in improving the decree accounting process.
However, IID cannot support the LCRAS methodologies presented to date. In our opinion this
technology is still under development. Therefore, until the concerns of all Colorado River contractors are
addressed, 11D will not recognize consumptive use figures developed by LCRAS and will continue io
utilize figures generated from the current decree accounting method. If you have any guestions
concerning !ID's position, please contact Mr. Elston Grubaugh at (760) 339-9751.

|
)
__JESSEP siLva id UoAug 27 oo |k

Sincerely,

General Manager

RESOURCES PLANNING
Coo % MANAGEIACHT GERPARTMENT

Copy: Gerald Zimmerman, CRB







PALO VERDE IRRIGATION DISTRICT

180 WEST 14TH AVENUE — BLYTHE, CALIFORNIA 92225
TELEPHONE (760) 922-3144 — FAX (760) 922-8294

June 12, 200t

?;o \/3,%”\

Mr. Robert Johnson

Regional Director

11.8.D.1, Bureau of Reclamation
Lower Colorado River Regionai Office
P.O.Box 61470

Boulder City, Nev, 83006

GURCES PLANNING
& Mﬁ!sl\GEMENT DEPARTMENT
L il

Re: Lower Colorado River Accounting System

Dear Mr. Johnson,

P.V.LD. has worked with your representatives on the Lower Colorado River Accounting System since the first report
came out for calendar year 1995, We have carefully reviewed each report from 1995 to 1999 as to how well the
process represents P.V.1.D.’s water use compared to the present decree accounting method. P.V.LD. representatives
have tried to provide constructive information to help improve the process for succeeding reports, Comments made
at the March 7, 2001 workshop and Mr. William Rinne’s March 24, 2000 letter to P.V.LD., indicate that the
proposed five year review period would end with the distribution of the Year 2000 Report and steps for replacing the
decree accounting method with LCRAS would follow.

P.V.LD. has tried to convey to your representatives that we have concerns that are not adequately addressed by each
years modifications. P.V.1.D.’s data indicates that LCRAS is consistently under reporting our double cropped
acreage and our resulting water use. We also have issues with the science used to derive the crop coefficients,
unmeasured storm water runoff and tributary inflow, barren ground water use, and phreatophyte water use.

LCRAS reports are published without P.V.LD. having any chance to review or comment on crop acreage or other
data. Now other agencies are using LCRAS values without P.V.LD. being able to provide data that would more
realistically represent our water use.

We therefore are not going to acknowledge the validity of the LCRAS process as it relates to our water use, P.V.1.D.
will only utilize the current decree accounting method.

If you have any questions feel free to contact myself, or staff at P.V.ILD.

Sincerely,

= Cheardon Cland e

ST
;i{ ii ' Charles VanDyke , President
Vi Board of Directors P.V.LD.
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120,500 ACRES LOCATED ALONG THE COLORADO RIVER






IMPERIAL TRRIGATION DISTRICT

OPERATING HEADQUARTERS » P O BOX 837 » IMPERIAL CALIFORNIA 92251

June 11, 1998

Mr. Robert Johnson

Regional Director

Bureau of Reclamation
P.0O.Box 61470

Boulder City, NV 8%006-1470

Subject: Comments - 1999 Draft Annual Operating Plan for Colorado River Reservoirs

Dear Mr. Johnson:

The Imperial Irrigation District (1ID) appreciates being given the opportunity to comment on the May 13,
1998 draft of the 1999 dnnual Operating Plan For Colorade River Reservoirs {AOP). Your AOP
recommendation to the Secretary regarding a surplus declaration signifies a critical water supply decision
and is based on current reservoir storage conditions and the most recent 24-month water supply/runoff
estimates which predict flood control releases the first part of 1999.

However, the expected water needs of the Lower Basin and weather patterns for 1999 and beyond should
also be recognized. It is anticipated that Arizona will once again utilize its full entitlement while Lower
Basin demand continues to be projected in excess of 8.0 million acre-feet, Also, recent weather forecasts by
the National Oceanic and Atmospheric Administration (NOAA) indicate warming trends and drier
conditions in the southwestern United States and the Colorado River Basin. This is illustrated most
effectively on this agency’s website (www.noaa.gov). When combined with demand, the potential for
increased temperatures and reductions in precipitation during the 1999 calendar year should cause concern
amongst the seven states, and the IID urges the Bureau of Reclamation to proceed with caution in its
preparation of the 1999 AOP. From this perspective, it would seem appropriate for the 1999 AOP to reflect
normal operating conditions until such time that actual conditions warrant a modification of the criteria from
normal to surplus conditions. This course of action was used by the Bureau in 1996 and would be a more
sensible recommendation for the 1999 operating criteria.

Once again, let us thank you for the opportunity to comment of the draft 1999 dmnual Operating Plan for
Colorado River Reservoirs and participate in the annual consultation process.

incerely,

CHAEL J. CLINTON
General Manager

ce: Gerald Zimmerman, Colorade River Board of California
Randali Peterson, BOR
Biil Rinne, BOR

e
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IMPERIAL IRRIGATION DISTRICT

OPERATING HEADQUARTERS + P. O BOX 837 + IMPERIAL CALIFORNIA 92251
Marck 27, 1997

Mr. John M. Ladd

Division of Water Quality

State Water Resources Control Board
P.O. Box 944213

Sacramento, CA 94244-2130

Subject: Comments: April 2, 1997 Public Hearing - Final Repart on the / 996 Review of Water Quality Standards for Salinity,
Colorado River System

Dear Mr. Ladd:

The Imperiat Irrigation District (IID) has examined the Final Report (consisting of both the initial and supplemental reports) on
the 1996 Review of Water Quality Standards for Salinity, Colorado River System (Review) and appreciates being given another
oppartunity to comment on this document. As the most southerly user of Colorado River waters within the United States, the
IID is a primary beneficiary of Colorado River salinity control measures and sincerely supports the efforts of the Colorado
River Basin Salinity Control Forum (Forum). At this time, the {ID continues to endorse the existing numeric Colorado River
salinity criteria and encourages the attainment of these target levels. Additionally, the IID concurs with the general
recommendations set forth in the Review, and supports the salinity control measures the Forum has advocated to achieve
current and future standards.

However, as the larsest and most downstream user of Colorado River water, the IID must continue to reiterate its concerns
pertaining to Colorade River salinity levels, which were submitted to the Forum in a letter dated September 3, 1996. (A copy
of this letter along with the Forum’s response is contained in the October 1996 Supplemental Report) The IID and its
agricultural users continue to be damaged by the Colorado River’s increasing salinity, and without this program’s accelerated
implementation these damages will only increase. While the goal of the Colorade River Basin Salinity Control Program is
ultimately a 1.48 million ton reduction in the salt loading of the Colorado River, the JID continues to feel that the pace of the
current schedule (determined primarily by appropriative funding) is not adequate to obtain this objective. With this in mind,
the Forum will now be recommending that Reclamation utilize cost sharing from Basin funds to supplement Federal monies.
This action is a positive step towards reducing the more than $1 billion in Lower Basin damages that have been projected to
occur over the next twenty years should further salinity control measures not be implemented in a timely manner.

In its response, the Forum also noted that many of the II1)’s concems are related to water supply issues and not water quality
issues. It is our belief that salinity concems intertwine both of these topics, and as such this problem will not be solved by
limiting the arenas in which it may be addressed. The IID is actively working with Colorado River water contractors from
California as well as representatives from the other six Basin states to alleviate the supply uncertainty caused by growing
Lower Basin demands, and would encourage the Forum to consider supply-oriented issues (such as the operation of the Yuma
Degalting Plant) when pertinent to salinity concerns.

Once again, let us thank you for the opporfunity to provide comments regarding the Final Report on the 1996 Review. We do
so with great regard to the Forum's past accomplishments as well as their ongoing efforts to decrease salinity in the Colorado
River, Again, IID concurs with the general recommendations set forth in the Review and encourages the State Water
Resources Control Board to adopt the final Report as fulfillment of the 1996 Triennial Review. We would also encourage the
State Board's support of sufficient funding so that the Forum may accomplish the objectives set forth in the Review.

Sincerely,

MICHAEL J. CLINTON
General Manager
cc: Jerry Zirnmerman, CRB

CATIA NALICTC 2P TRIAT DN






IMPErIAL TARIGATION DISTHICT

OPERATING HEADQUARTERS + F O BOX 937 + IMPERIAL CALIFORNIA B22851

March 16, 1998

Honorable Duke Cunningham

United States House of Representatives
2238 Rayburn House Office Building
Washington, D.C. 20515

Subject: Request for Increased Funding for Colorado River Basin Salinity Control Projects and
Designation of Colorado River Basin as an Environmental Quality Incentives Program
(EQIP) National Conservation Priority Area

Dear Congressman Cunningham:

This letter is prompted by the Imperial Imigation District’s (IID) concern for the rising salinity levels in
the Colorado River Basin as well as the funding reductions that have occurred since 1994, significantly
jeopardizing projects designed to combat this problem. Since the passage of the Federal Agriculture
Improvement and Reform Act of 1996 (FAIRA) and the establishment of the Environmental Quality
Incentives Program (EQIP), funding for salinity control projects has been merged with other programs
into a single entity targeting agriculturally oriented environmental and conservation improvements,
This merger has reduced the quantity of funding available for Colorado River Basin salinity control
projects, resulting in increased economic damages to the entire region. The IID supports the funding
recommendations of the Colorado River Basin Salinity Control Forum that are necessary to maintain
quality consistent with the established standards, and requests the following FY' 99 allocations towards
these Colorado River Basin salinity control activities: $17,500,000 Bureau of Reclamation, $5,200,000
Bureau of Land Management, and $12,000,000 EQIP program (Department of Agriculture).

The IID, as the largest irrigation district in the nation, delivers over 2.8 million acre-feet of
Colorado River water annually to over 460,000 irtigated acres in southern California. Over 97%
of this water is delivered to agricultural users who have created a local farm economy nearing $1
billion annually. Salinity levels are of particular concern to these water users. Their farmland is
comprised of layers of alluvial sotl which when irrigated with Colorado River water, must be
continually leached (to remove the salts) in order for farming to be viable Thus salinity issues are
of great consequence to the IID, who as the most southerly user of Colorado River waters within the
United States, is a primary beneficiary of Colorado River Basin salinity control measures and efforts of
the Colorado River Basin Salinity Control Forum (Forum).

WANTLAlsalinity$ Page 1 of 3



Of particular concern to the IID are the salinity levels at Imperial Dam, which serves as the
diversion point for IID and is also one of three sites on the Colorado River for which a numeric
salinity criteria has been established. In June of 1996 the Forum published its /996 Review of
Water Quality Standards for Salinity, Colorado River System (Review) which states, “there is a
18 percent chance that salinity may go above 1,000 mg/L at Imperial Dam (and) . .. the mean of
882 mg/L is above the numeric criteria level of 879 mg/L. This is because there is not currently
enough salinity control o offset water development” (emphasis added) Additionally,
according to IID calculations of annual salt loading in its All-American Canal conveyance facility
fand as shown by the attached graph entitled Colorado River Salinity (All-American Canal Below
Drop 1)}, Colorado River salinity levels have been on an upward trend since 1984 and are nearing
the Forum’s 879 mg/L salinity exceedance limit. This is doubly important due to this site’s
proximity to the Mexican diversion point, and directly affects the United States’ commitment to
protect the quality of water delivered to Mexico under the 1944 Mexican Water Treaty.

Target salinity levels were designed to be met and/or maintained through the reduction of salt
loading to the River from existing sources and the minimization of anticipated increases generated
by future development. The goal of the Colorado River Basin Salinity Control Program is a 1.48
million-ton reduction in the salt loading of the Colorado River. However, reduced EQIP funding
for these control measures has severely limited the Forum’s ability to adequately address rising
salinity levels. In 1995 the reduction “backlog” involved control measures that would decrease
Colorado River salinity by more than 418,000 tons. This is in addition to future controls
designed to lower the River’s salt load by 437,000 tons over the next twenty years in order to
meet established salinity standards. Translated to an annual basis, there is a need for 45,000 tons
of new salinity control -measures lo be implemented each year uniil 2015. Thus, given the
historical funding trends of the Program and the recent status of EQIP appropriations for the
Colorado River Basin, the IID does not feel that adequate efforts are being put forth to meet this

need.

The potential impact of failing to achieve targeted salinity goals in a timely manner is staggering.
Damages to the Lower Basin will exceed an estimated $1 billion by 2015 if further salinity control
measures are not implemented. While no recent studies have been conducted to pinpoint the true
magnitude of the damages resulting from the River’s increased salinity, the use of data from
previous years (1976-1985) suggest an annual loss on the order of $800 million, one-third of
which is thought to be agriculturally based The damages to the IID and its agricultural
community are primarily a resuit of lower crop yields, increased irrigation management costs, and
additional drainage requirements, as well as increased water use in order to maintain a salt
balance. Of perhaps even more significance though, are the problems that our irrigation district
faces as a result of increasingly strict regulatory restrictions on our drain water quality. As the
salinity of our inflow waters increase, we also experience a subsequent decrease in drain water
quality and ultimately a degradation of the waters in the Salton Sea drainage basin  With the
introduction of the Sony Bono Memorial Salton Sea Restoration Act by Senators Boxer and
Feinstein as well as Speaker Gingrich and other prominent and politically diverse members of the
House of Representatives, this would now appear to be a national priority

Along with many other Colorado River Basin states, agencies, and individuals, the 11D believes
that the restructuring of the USDA's salinity control program into the much broader
Environmental Quality Incentives Program has diluted the USDA’s commitment to this Basin's
salinity control efforts If this process continues to reduce funding for salinity control measures, it

WRAT L A\salinuys Page 2 af 3



will only be a matter of time before numeric standards and international treaty obligations go
unrealized. Combined with the damage estimates outlined earlier, these considerations provide
the basis for our request of additional funding for Colorado River Basin salinity control measures
and our support towards the designation of this Basin as an EQIP National Conservation Priority

Area.

Thank you for allowing us to voice our concerns regarding the current status of Colorado River
Basin salinity control measures. It is our hope that you will consider our comments favorably,
designate the Colorado River Basin as a national conservation priority area, and increase
appropriations to provide the fiunding necessary to meet the water quality standards which have
been established to protect all Colorado River water users in the Southwest, including those in

Mexico and the Imperial Valley.

Sincerely,

mﬁ%m

CLINTON
General Manager

Attachunent

ccl

Honarable Duncan Hunter
Honorable Barbara Boxer
Honorable Dianne Feinstein
Honarable Joe Skeen
Honorable Vic Fazio
Honorable Joseph McDade
Honorable Ralph Regula
Honorable Jim Kolbe

Honorable Ron Packard
Gemld R. Zimmerman, Colorado River Board of California

Jack A. Barnett, Colorado River Basin Salinity Control Forum

Joe Raeder, The Ferguson Group

Honorable Ed Pastor

Honorable Thad Cochran

Honorable Pete Domenici

Bonorable Robert Bennett
Honorable Harry Reid

Honorable Slade Gorton

Honorable Ben Nighthorse Campbell
Honerable Jon Kyl

Honorable David Skaggs
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Salinity of Colorado River Water:
Causes, Consequences, and Remedies

Concerns about water guality have been the “forgotten
stepchild” of western water. Other than the infrequent court
case involving substantial degradation of water quality, such as
from wholesale dumping of mine tailings in rivers making water
virtually unsuitable for use, western water law has mostly fo-
cused on the allocation of the available guantity of water

Sa marers stood until the advent of federal and state water
quality regulation. Virtually every river and stream in the
western states either confronts today or wiil soon confront
water quality issues. How well considerations of water quality

In This Issue . . .

“Salinity of Colorado River Water” examines the causes,
consequences, and temedies of salinity. With the march of
salinity levels to historically-high levels, anticipate greater em-
phasis on economic incentives in selecting salinity control
projects and stricter scrutiny of reservoir operations as attention
is nemed to the beneficial impact of reservoir storage and river
flows. Especially for agricultural communities, they will find
the foundations of their local economies threatened by proposed
changes in reservoir operations.

“Finance Annual Report for 1995 reports on the bond
market results from the $4 billion in new money and the $i
billion in refinancings raised in 1995,

“Finance Update” reviews the results from the 112 issues
that raised $2.2 billion in the first quarter of 1996 and examines
six proposed state finance bills.

“Legislative Update” describes the 60 state bilis racked by
WS this year.

“Litigation Update” discusses a U.S. district court decision
upholding the award of punitive damages for landowners who
suffered from groundwater contamination.

“Iransaction Update™ discusses 26 transactions tracked by
WS in the first quarter of 1996. CBT prices were above $1,600/
unit, with two of the seven transactions above $1,700/unit.

Finance Annual Report for 1995 . v o 3
Quarterly Updates
FINOHCE oo coai e e v s e cnis = e vt s e B
Legislation. . ......ocwio i e e 8
Litigation......... . T
Transoctions .. oo oo e
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are integrated with the administration of water rights will detar-
mine how effectively western water resources are managed

In this articte, S examines cne dimension of water quality
{salinity) in a major river systern, the Colorade River Basin.
Salinity has a major adverse economic impact, especially on
local agriculturat economies. Over the past two decades, state
and federal policy has attempted to control the salinity of
Colorado River water through projects and programs targeted at
changing the methods of use of Colorado River water, espe-
cially in the Upper Basin. Less emphasis has been placed on the
beneficial impact of the amount of water in reservoir storage and
the size of river flows, even though these factors have 2 greater
impact on actual salinity [evels than salinity control projects.

With the economic stakes in salinity control growing in
tandem with the march of salinity levels back to historicatly-
high levels, the causes, consequences, and remedies for Colo-
rado River water salinity promise to become critical policy
issues. When the debate blossoms, anticipate greater emphasis
on economic incentives in selecting salinity control projects
and stricter scrutiny of propesed changes in reservoir opera-
tions. Especially for agricultural communities, they will find at
stake the foundations of their local economies

BACKGROUND

The mainsten of the Colorado River provides municipal
and industrial water for more than 18 million people and irriga-
tion water to [.7 million acres in the United States, aswellas 1 3
mitlion acre feet of annual water supplies for agricultural and
municipal uses in the Republic of Mexico. The salinity of
Colorado River water has become a significant policy issue —
the Bureau of Reclamation estimates that the annual economic
losses in the United States from Colorado River water salinity
now approach S1 billien. Therefore, the future salinity of
Colorado River water will have a significant impact on the
economies dependent on Colorado River water.

Nearly half of the salinity in Colorado River water is from
natural sources, such as saline springs, erosion of saline geo-
logic formations, and runoff The remaining sources reflect
water development that adds salts to the Cotorade River or

{\/

PO Box 963, Claremont, CA 91711

continued on page ?
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continued from page |

reduces the amount of water available for dilution. Trigated
agriculture accounts for 37% of salinity by consuming water
and by dissolving salts (found in the underlying saline soils and
geologic formations) which are then included in retum flows to
the Colorado River. The evaporative losses of reservoirs ac-
count for 12% of salinity {evaporation results in the same salt
load diluted by a smaller quantity of storad water). Municipal
and industrial users only account for 3% of salinity, because of
their relatively smalt diversions and low salt concentrations in
return flows.

The efforts to control the salinity of Colorade River water
started with the passage of the Water Quality Actof 1963, which
required states to adopt water quality criteria for interstate
waters inside their boundaries. In 1972, the seven Colorado
River Basin states {Arizona, California, Colorado, Nevada, New
Mexico, Utah and Wyoming) agreed to a policy of maintaining
salinity concentrations in the Lower Colorado River System
{Arizona, California, Nevada) at or below then existing levels,
while the other Upper Basin states developed their compact
apportionments of Colorado River water. After the US Envi-
ronmental Protection Agency required development of numeri-
cal salinity standards, the Basin States founded the Colorado
River Basin Salinity Control Forum to develop quality stan-
dards, numerical criteria, and a basinwide salinity control plan

The water quality standards seek to maintain flow-weighted
averages of total dissolved concentrations at or befow specified
levels at three locations in the Lower Basin {mg/L = milligrams

per [iter):
Hoover Dam ... ..... ... 723 mg/L
Parker Dam ........ ... . 747 mg/L
Imperial Dam ............. 870 mg/L

The standard requires that salinity levels do not increase {from
1872 levels) due to the estirated impact of future water devel-
opment. The goal for salinity control projects is to remove the
same amount of salt load from the Colorado River that is
generated by additional water development. Because of the
farge variability in natural salinity levels, actual salinity levels
may be considerably higher or fower than the criteria in any
ziven year.

Congress has passed legislation to implement the salinity
control plan. The Colorado River Basin Salinity Control Act of
1974 authorized construction of 4 control uniis and planning of
12 contrel projects above Imperial Dam (which is near the
border with Mexico) The projects included instatlation of
welis to intercept brine from szaline groundwater and improve-
ments in conveyance systems to reduce the amount of ground-
water percolating through saline soils before it reaches the
Colorado River [n 1984, Congress amended the Salinity Con-
trol Act to authorize a U S. Department of Agriculture {USDA)
program The program provides, among other activities, finan-
cial and technical assistance to land users to plan, install, and

WATER STRATEGIST

Pubiished by Stratecon, Inc. PO Box 963, Claremont, CA 91711

maintain salinity reduction practices, such as conversion of
irrigation systems to sprinklers and improvement of off-farm
taterals. Such projects reduce the amount of water that flows
through saline soils as return flows and thereby reduce the
amount of salts deposited into the Colorado River.

Based on estimates by the Department of the Interior, these
salinity control projects pass a cost-benefit test. The economic
benefits from salinity control are estimated at 3340 per ton of
salt removed The cost of salinity control projects generally
ranges between 520 to S100 per ton of salt removed.

HYDROLOGY ANDSALINITY

The salinity of Colorado River water is exiremely sensitive
to the amount of water flowing through the Colorado River
system Runoff and reservoir storage are key factors in deter-
mining actual salinity levels. Because these factors vary radi-
cally with hydrologic conditions, salinity levels are driven more
by hydrelogy and reservoir operations than by salirity control
projects

Consider the historic salinity levels in the Lower Basin (see
Chart, p. 5}. Levels at all three locations remained below 700
mg/L until the mid-1950s. Salinity levels then increased by
approximately 200 mg/l. during the period of low Colorado
River flows in the mid-1930s, then fzll considerably with the
high river-flow years in the late 1950s. Salinity levels then
marched upward until they reached their pezks in the early
1970s (when numerical criteria for water quality standards were
set). Salinity levels then began a sustained decline afier the
early 1970s, rapidly plummeting during the 1983-86 period of
historic flooding on the Colorado River, which purged signifi-
cant amounts of salt from reservoirs and further reduced salinity
through dilution. At the time of the flooding, Reclamation
anticipated that this improvement in salinity would persist for
several years. However, this expectation was not fuifilled when
flows on the Colorado River after 1986 proved 1o be below
normal.  Since the tate 19805, salinity levels have steadily
increased

}¥S documented the critical importance of reservoir opera-
tions and hydrologic conditions in determining salinity levels
A statistical study related salinity levels ta:

* the river flows at each location during the current and
preceding two years
* the amount of water stored in Lake Mead at the end of the
preceding water year
These factors explain about 0% of the historic variation in
salinity levels at each location. showing that the wide variation
in salinity levels closely wacks the variation in water storage
and river flows. Each | million acre foot {MAF) increase in
water stored at Lake Mead reduces salinity by 10.7 mg/L below
Hoover Dam and by 3 0 mg/L at Parker Dam and [mperial Dam
{see Chast 2, p. 5} Each | MAF increase in the three-vear
average flows at Hoover Dam or Parker Dam reduces salinity by
continued on page 3
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Salinity of Colorado River Water

. . continued from page 1

about 6 mg/l. The impact of river flows on the salinity of
Colorado River water at Imperial Dam is almost three-fold the
impact at Hoover Dam and Parker Dam.

[n contrast to the impact of reservoir storage and river
flows, the impact of salinity conirol projects — though benafi-
cial — is relatively small. In its 19935 report Quality of Water
Colorado River Basin, the Departrnent of the Interior esti-
mated that the salinity control units completed or under con-
struction by Reclamation, USDA, and the Bureau of Land Man-
agement will potentially remove 934,680 tons of salt annuaily,
which is on the order of 10% of the annual salt load of the
Colorado River at Hoover Dam. That is, with full implementa-
tion of the salinity contro! projects, the salinity of the Colorado
River would be on the order of 66 mg/L less than it otherwise
would have been. While this reduction generates significant
economic benefits for the Colorado River Basin, it is relatively
smail in comparison to the wide fluctuations in salinity created
by changes in water storage at Lake Mead and in river flows.

ECONOMIC LOSSESFROM SALINITY

Salinity imposes economic losses on users of Colorado
River water. For agricultural water users, salinity reduces crop
yields. For households, salinity corrodes water pipes, hot water
heaters, and other appliances, and requires users to engage in
treatment to improve water quality. For water and waste water
utilities, salinity reduces the useful life of facilities and equip-
ment as well as reducing the yield from water reclamation
projects. For industry, salinity requires investment in treatment
facilities to keep levels below the thresholds needed to mainain
industrial operations or to meet permissible levels for dis-
charged water A 1988 Bureau of Reclamation study concluded
that, for the salinity levels prevailing during 1976-83, these

economic losses totaled 3311 million annually {1986 dollars),
with the losses distributad as follows: households (50%), agri-
culture {36%), water and wastewater utilitias {11%), and mu-
nicipal and industrial users (3%).

In 1993, Reclamation stated that annual basinwide eco-
nomic losses are related to the salinity levels at Imperial Dam
as follows:
Salinity Level

Basinwide Economic Loss  [Incremental Loss

mg/L. (S Millions) per 100 mg/L
300 0 o
784 300 176
87 1.000 326

The incremental loss from increased salinity is three times
ereater if the initial level of salinity is greater than 784 mg/L
than if it is less than 784 mg/L.

While aggregate economic losses from salinity in the
Colorado River Basin are significant, the aggregate data obscure
the significant loss sustained by agricultural communities.
There are two reasons  First, Reclamation data only measure the
foss from reduced crop yields, but not the economic losses
from any induced land retirements. (Reclamation recognizes
the losses from land retirement, but lacks a basis to project their
magnitude.} Second, the measured losses are not put within the
context of the economic base of agricultural communities.

WS illustrates the importance of these considerations with
a case study of the impact of increased salinity of Colorado
River water on the local economy of Imperial County, Califor-
nia, the largest user of Colorade River water. Consider the
impact of a 100 mg/L increase in salinity on the four major
crops (alfalfa hay, carrots, letiuce, onions) that Reclamation
included in its study of salinity josses. The gross value of these
crops accounts for the majority of gross value of all vegetables
and field crops grown in imperial County.

There are three major, adverse impacts of increased
salinity on the local economy. First, the lower crop yields
reduce the net income earned in farming: $72/acre for alfalfa

Chart 1
Historic Salinity Levels in the Lower Basin

TDS
{mgfL)

[= —=Below Hoover = = = Parker Daayy————Lsperial Dam |

Suuree: Depeument of Interior Quality of Waser, Colovdan River Basia, 1593
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WATER STRATEGIST

Chart 2
Reduction in Salinity from 1 MAF Increase in
Lake Mead Storage and Colorado River Filows
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Salinity of Colorado River Water

continued from page 3

hay, S601/acre for carrots, $233/acre for lettuce, and S124/
acre for onions (see Table 1) Second, these economic losses
will be magnified as growers and landowners (to the extent that
jower vields reduce land renis) have less income to spend on
local goods and services. Third, since the intome losses
represent significant reductions in the economic return of
crops (e g, grower income pius land rents). some of the lands
will be retired — the per acre income losses are 42% of the per
acre economic return for alfaifa hay, 33% for cammots, 23% for
lettuce, and 9% for onions. Land retirements will have an
adverse impact on the local economy, both directly with the
decline in incomes for growers and landowners and indirectly as
growers, landowners, and other individuals in farm-related jobs
have less money to spend on local goods and services

The full impact of increased salinity will depend on the
magnitude of land retirement {see Table 2). If no land is retired. the
direct and indirect economic josses total $29 mitlion, or approxi-
mately 10% of the total contribution of these four crops t0 the tocal
economy. Assuming that the patiemn of land retirement reflects the
relative loss of economic rewurns, the total economic loss would
approach 548 million annually if 10% of the irrigated lands in the
four crops is retired and about $67 million if 20% of the irrigated
tands in the four crops is retired. These impacts range from one-
tenth to one-fourth of the total economic contributions of these
crops to the local economy of Imperial County.

REMEDIES

All users of Colorado River water have a significant stake
in maintaining, if not reducing salinity levels. The keys to
success will be greater reliance on economic incentives in
identifying salinity control projects and recognizing the beneft-
cial impacts of river fiows and water storage at Lake Mead when
determining reservoir operations.

Salinity Control Projects As part of this year's farm bill,
Congress included the Colorado River Basin Salinity Control
Program in 2 new Environmental Quality Incentives Program
(EQIP) administered by USDA. The law reflects the view that
voluntary, inceative-driven programs will accomplish more
than regulatory programs The Secretary of Agriculure has
initiated rufemaking for implementing regulations  The most
effective way to achieve the law's intent {maximization of
environmental benefit per dollar expended) would be to accept
the cheapest voluntary bids to remove salt untit USDA's appro-
priation for salinity contro! is exhausted

Unfortunately, Congress limited the potential of a volua-
tary program to achieve the law's intent when it generally
limited incentive payments to 75% of estimated project costs
A simple example iliustrates the problem Assume that growers

A and B can remove 100 tons of sait at costs, respectively, of

$50/ton and S80/torn.  The law limits the eligible incentive

WATER STRATEGIST
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Tablel
{mpactof 100 mg/L fncreasein Salinity on CropYicldsin
Imperiai County

Crop dcres  tield Loss  Loss/derz Economic Return
perdcre
AalfatfaHay 173023 4% 72 Imn
Carrots 13,364 6% 5601 51,326
Letiuce 21982 63% 5233 024
Ontons {268 24% 514 31313

1

Noezst Average acreage for 1993-85 Yield lossbased onempirical relation
between crop yields and salinicy at Imperial Dam  Loss peracre based on
yield loss and average crop values for 1993-95 Ecenomic retuen equal to
estimated growers income and land rents

Sources: imperial County Agricultural and Livestock Reposts foracreage.
yields. and ceop values Crop Budgets prepared by Cooperative Extension.
University of California for data on grower incomes and land rents

Published by Stratecon. Inc.

payments to growers A and B, respectively, to $37.30/ton and
$60/ton. Suppose that the other economic benefits from the
projects (improvement in agricultural operations and/er market
value ofconserved water) are lower for grower A than grower B
Therefore, grower A will undertake his project only if he
receives S40/ton (greater than the 75% limit). while grower B
wiil undertake his project if he receives $53/ton (less than the
statutory limit). With the statutory restriction, only grower B
can undertake his project. Unfortunately. the federal govern-
ment must spend 37 5% more (335/ton versus $40/ton} to
reduce the salt load by 100 tons.

Reservoir Operations. The beneficial impact of river
flows and water storage on salinity has been ignored by propo-
nents of proposed changes in reservoir operations at Lake
Mead, which would have a surplus declared in the Lower Basin
until storage in Lake Mead declines by about 8 MAF.

A 9 MAF drawdown of Lake Mead would permanently
increase salinity in the Lower Basin by 96 mg/L below Hoover
Dam and by 72 meg/L at Parker and Imperial Dams. This increase
would more than offset the impact from all salinity control
projacts currently completed or under construction. Based on
Reclamation’s estimate of the incremental economic iosses
from increased salinity, the annual, basinwide economic fosses
from the proposed draw down of water stored in Lake Mead
would be $380 million.

Proponents of changed reservoir operations propose (o

Table2
Impactof 100 mg/L lncreasein Salinity on tmperial Co. Economy

Land Annual Loss of County Income %5 of Contribution of
Retirgment (Satitlions) Local Econom)
o o i
10% 3 17
2%h 67 3

yoees: Lossofcounty income includes directand indirectimpactof reduced
crop yields and land retirement Contribution of tocal econamy equals the
girectand indircct impact ofcrop activity on tocal economy Eslimates based
on IMPLAN regional inputfoutput model for Imperial County
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draw down Lake Mead in anticipation of the next period of
flooding on the Colorado River. During the last 100-year flood
in the earfy 1980s, they observe, deliveries of mainstem Colo-
rado River warer to Mexico in excess of U.§ treaty obligations
totaled 55 MAF. Remarkably, these flows are characterized as
“ywasted” even though these flows significantly reduced anqual
salinity ievels in the Lower Basin during the 1983-88 period by
about 50 mg/L below Hoover Dam and Parker Dam and by 125
mg/L at Imperial Dam. These reductions avoided economic
losses totaling $2 4 billion

Finally, any beneficial impacts from the temporary in-
crease in river {lows from a declaration of surplus will be minor
in comparisen to the detrimental impact on salinity tevels from
reduced storage at Lake Mead. A declaration of surplus, of
course, would only increase river flows below Hoover Dam and
ar Parker Dam because the surplus water would be used by
municipal water users in the Lower Basin. Salinity levels would
fall by 6 mg/L foreach 1 MATF increase in the three-yesaraverage
flows at these locations. However, o increase three-year
average flows by | MAF, a total a 3 MAF must be released from
Lake Mead. Therefors, this reduction of storage in Lake Mead
would permangntly increase salinity by 321 mg/L below
Hoover Dam and by 23.7 mg/l.at Parker Dam. while the greater
river flows would only temporarity reduce salinity levels by 6
mg/L at these locations. As already described, salinity levels at
Imperial Dam would be permanently increased without any
temporary salinity reduction due to increased river flows.

CONCLUSION

Controversy over water quality will soon take a place along
side traditional controversies over the quantity of water. As
federal policy continues its “rginvention” toward the use of
economic incantives, salinity control projects will fra @
market mechanisms While the passage of the Environmental
Quality Incentives Program this year can be an important step,
Congress limited the scope for success by adhering to cosi-
based pricing schemes rather than relying on economic incen-
tives created by voluntary transactions. Salinity control policy
seems destined to recreate the debate water conservation and
wransfer policy has had over cost-based versus market-based
compensation. Look for the pace of actual salt load reductions
under the Environmental Quality Incentives Program to match
the slow pace of the actual conservation and transfer of water

The real potential salinity “train wreck” on the horizon
involves proposed changes in reservoir operations. By ig-
noring the beneficial impact of river flows and water storage,
proponents advocate a course of action that will inevitabiy
and significantly increase the salinity of Colorado River
water, For agricultural communities, these proposals put at
risk the foundations of their local economies [}

Mi T AT

WATER STRATEGIST

Page 17

Annunal Bond Market Review

continued from page 4

Tuble3
Twenty Largest Water Issues 1995

amouni  Security [nae Lend Underwriter

{Smil} Type

Issuer

54 Diego Public Facs Fin Auth 3309 Rev M2y Margan Suanley

CA Pept af Waizr Resaurdds 335 0 Rev Comp Lehman Brothers
Houston-Texas Mo Rev Comp  Chemicad Securitier Int
Eut Bay MUD 200 0  Rev  Ney Margan Stanley

50 Califomia Metro Water DL 175 G fav Comp Paine Webber-Subsidiary
Nevadz (233 Ge Comp Guidman Sachs

San Diago County Witer Auth (ad Rev  Ney Lehman Brothers

wing Co-Washingtan 1006 ¢ Rev  Neg J P Morgan
Brownsville-Texas 94 0 Rav  Ney Goldman  Sachs
Fresno-Califoraia 91l Rev Ney 1P Morgan

Lower Neches Vil Auth 1D Corp 36 © ey ey Goidman. Sachs

San Josa-5t Clars W Fin Auth 811 Rev  Nsy Mosgas Stanley

Rio Rancho.-New Menito 00 fev Neg Rayscher Plerce Refsaes
saatz FrMew Mexico e Rev  MNeg Rauscher Picrce Refsnes
€A Dept of Water Rpsausced 60 Rev  Ney Goldman  Sachs

Ca Dopt of Waies Resvurces 160 Rev Nay 1P Morgan

5o Caliloraiz MWD G0 Rev  Neg Moryan Stanley

[exar MWD 33 0 Rev  Ney Smith Barney Harriy Upham
3 Califersia Matro Water DU 40 0 Rev MNey Murgan Suanley

Tulsz Metro Utility Autherity OK 60 0 Rev  Neg Lehman Brathers

Published by Stratzcon, Inc.

Saurce: Compiled by Shrutecon, Inc §rom Secwritics Duats Cu data

UNDERWRITING WESTERN WATER

First place on the HS Underwriter Top 10 for 1995
throughout the West was Morgan Stanley, capturing 16 percent
of the market with & issues that raised $804. 6 million.
Morgan’s strength lies in California where it was responsible
for underwriting 5 of the state’s largest issues. It displaced
Smith Barney Harris from the top position: SBH fzll to ninth —
with 14 issues raising $208 8 million

Lehman was second with $559.7 million in 8 issues, in-
cluding 3 of the top twenty issues — tWo in California and one
in Oklahoma. Paine Webber, last year's second, fell to fifth
Goldman Sachs was third, underwriting $494.98 million in 8
issues, including large issues in Nevada, California, and
Texas

Merrill Lynch Capital Markets slipped from last year’s
third place to fourth this year Tha company underwrote 19
issues — but none among the top 20 — raising 3411 § million
and giving them an 8.2 percent market share  As was frue last
year, the relatively low overall market shares of the top under-
writers are a mark of how competitive water underwriting has
become — the major factor in driving down spreads

As usual, the busiest underwriter was Rauscher Pierce
Refsnes with 41 issues, raising $393 .4 million, putting them at
No 6 on the overall list {up one position from last year).

WS expects water bond markets to accelerate during 1996
— pushed by lower rates and by the unexpectedly vigorous
economic and fiscal recovery in California. ]

(909) 621-4793
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MPERIAL [RRIGATION DISTRICT

OPERATING HEADQUARTERS » P.O BOX 937 » IMPERIAL CALIFORNIAS2251

September 3, 1996

Mr, Jack A. Bamnett

Executive Director

Colorado River Basin Salinity Control Forum
106 West 500 South, Suite 101

Bountiful, Utah 84010

Subject: Comments-1996 Review of Water Quality Standards for Salinity, Colorado River System

Dwm\“a

The Imperial Irrigation District (IID) has examined the 1996 Review of Water Quality Standards _ﬁ:r Salinity,
Colorado River System (Review), dated June 1996, and appreciates being given the opportunity to comment on
this document. As the most southerly user of Colorado River waters within the United States, the TID is a
primary benéficiary of Colorade River salinity control measures and sincerely supports the efforts of the
Colorado River Basin Salinity Control Forum (Forum). The IID concurs with the general recommendations set
forth in this Review, and supports the salinity control measures the Forum has advocated to achieve current and
future standards. At this time, the IID also continues to endorse the existing numeric Colorado River salinity
criteria and encourages the attainment of these target levels.

However, as the largest and most downstream user of Colorado River waters in both California and the Lower
Basin, it is imperative to the IID that the salinity control programs noted in this Review not only be implemented,
but placed on an accelerated schedule as well. The ID and its agricultural users continue to be dimaged due to
the increasing salinity of the Colorado River, both by economic losses and the requirement to use more water to
sustain an acceptable salt balance. If the current scheduling of planned projects is not expedited, the likelihood of
failing to mest targeted salinity standards becomes not only a danger, but a reality. According to this Review,
when existing observed salinity levels are adjusted to reflect the full impact of the current level of water
development within the basin (long-term mean water supply), these adjusted salinity concentrations exceed the
Forum’s numeric criteria at all three measurement stations. Of particular concern to the TID are the salinity levels
at Imperial Dam (ID’s point of diversion), but we obviously have a vested interest in water quality at the two
upstream stations as well.

While the goal of the Colorado River Basin Salinity Control Program (Program) is ultimately a 1.48 miilion ton
reduction in the salt loading of the Colorado River, the 1D does not feel that the pace of the current schedule is
adequate to obtain this objective. In fact, based on the analysis outlined in this Review, the 1995 Program
“backlog™ involves controls that would reduce Colorado River salinity by more than 418,000 tons. This is in
addition to future controls designed to lower the River’s salt load by 437,000 tons over the next twenty years.
Thus, according to the Review, this translates to a need for “45,000 tons of new salinity control measures . . each
year . .. (untif) 2015.”" Given the current status and recent funding trends of the Program, the IID does not feel
that adequate efforts are being put forth to implement additional salinity control projects The tables that provide
exceedance evaluation analyses for the three measurement stations in the Review further illustrate this point. The
text in Appendix C notes that, with only the existing salinity controls in place, “there is a (sic) 18 percent chance

SATINAWISCSALTRIYWILET Page I of 2



that salinity may go above 1,000 mg/L at Imperial Dam (and) . . . the mean of 832 mg/L is above the numeric
criteria level of 879 mg/L. This is because there is not currently enough salinity control to offset water
development” (emphasis added) These figures provide the basis and impetus for the IID’s request for an
accelerated Program implementation schedule. The Review also notes that, based on available data, “the
measured salinity will not exceed the numeric criteria during the next three years”. The IID disagrees with this
conclusion. The Program allows for temporary increases due to the completion of additional water development
projects provided “appropriate control measures™ are planned, even if they are not implemented at the time of
development. However, the District does not feel that appropriate funding and/or scheduling currently exists to
implement these controls.

The potential impact of the Program’s failure to achieve targeted goals in a timely manner is staggering. Damages
to the Lower Basin will exceed an estimated $1 billion by 2015 if further salinity conirol measures are not
implemented. The damages to the IID and its agricultural community are briefly documented in the Review, and
are primarily a result of lower crop yields, increased irrigation management costs, and additional drainage
requirements, as well as increased water use required to maintain a salt balance. Also touched upon, and of
perhaps even more significance, are the problems that our irrigation district faces as a result of increasingly strict
regulatory restrictions on our drain water quality. As the salinity of our inflow waters increase, we also
experience a subsequent decrease in drain water quality and ultimately a degradation in the waters of the Salton

Sea drainage basin.

While no recent studies have been conducted to pinpoint the true magnitude of the damages resulting from the
River’s increased salinity, the use of data from previous years (1976-1985) would indicate an annual loss on the
order of $700 million (one-third of which is thought to be agriculturally-based) Due to the age of this data, there
also appears to be an urgent need to update this information for the 1986 to 1995 time period in order to develop
a more accurate and current estimate of the potential economic impacts resulting from increased salinity levels.

As noted in this Review, federal funding has been reduced in recent years (since 1994). Combined with the
Program’s transition to a basin-wide planning approach, it appears to the IID that the Program is not only off-
course, but slowing to a pace that will cause irrevocable harm and economic damage to the IID, its water users,
and its surrounding communities. The IID is thankful that the Colorado River Basin’s hydrology has been
favorable since the Program has gotten off-track, but this can only mitigate the effects of salinity for so long.

It is with great regard to the Forum's past efforts and accomplishments that the IID requests the acceleration of
planned salinity control projects and the update of the 1988 Bureau of Reclamation report analyzing the estimated
economic impacts of Colorade River salinity. We are well aware of the funding restrictions and difficulties that
most public agencies are facing in the current economy, and sincerely appreciate all of the Forum’s achievemnents
to date. It is however, in our consumer’s best interest to actively promote and encourage the timely attainment of
the Forum’s targeted salinity goals. Once again, let us thank you for the opportunity to comment con the 1996
Review and voice both our support and concern for the existing Program.

Sincerely,

# ] Chith.

Michael I. Clinton
General Manager
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Foreward

The answers to two technical gn-farm jrrigation questions are important for D (&) in
determining the need for reasonable and beneficial use of water, and (b) for estimates of
how much water may be available for future water transfer. The two questions are:

1. How much water is needed for salt control?

2. What are the unstressed evapotranspiration (ET) requirements of crops?

This report does not answer those questions satisfactorily, because there are many gray
areas in current knowledge. However, it does bring many gray areas to light and does

conclude with some astimates regarding salt control needs.

This report should be considered as a basis for further dialog. The conclusions are based

upon the author's experience, plus interpretation of literature and limited field data.

When reports such as this are read by interested parties, new facts and interpretations
come o light. It is hoped that those revelations can be brought forward in a positive and

constructive forum to achieve a consensus and arrive at a better understanding of these

. N »*
technical issues.

Water Regquirements in IID - Salinity, PU. and ET
Charles M. Burt
Page |



Introduction

IiD is currently faced with challenges and opportunities regarding improved on-farm
water management and water conservation. Of particular concern is the question of "How
much water is needed for reasonabie and beneficial use in on-farm irrigation?"

"Beneficial use" includes (Burt, 1990):

1. ETAW. Applied irrigation water used for evapotranspiration (ET).

2. LR. Leaching Requirement. The fraction of applied water necessary for adequate
leaching to maintain a desired soil salinity. The LR concept does not account for non-
uniformity of irrigation.

3. Water for special cultural practices (eg., weed germination, climate cantral}.

"Reasonable use” recagnizes that an irrigation efficiency {with no under-irrigation)
will always be less than 100%. Irrigation Efficiency (IE) is defined as:

IE = |rrigation Water Beneficially Used x 100
Irrigation Water Applied

.

It is impossible to apply irrigation water with 100% irrigation efficiency without
reducing crop yields. All irrigation systems have inherent non-uniformity of water
application across a field; "good" Distribution Uniformities (DU) In most of California
are accepted to be 75 - 80%.

DU = Minimum infiltrated in a field x 100
Average infiltrated in a field

With no under-irrigation in a field, and neglecting Leaching Requirement (LR), a DU of
80% means that about 20% of the infiltrated water is destined to deep percolation below
the root zone (ie, drainage water). Many Imperial Valley soils have unique sealing
characteristics (Robinson, 1980; Grismer, 1986) which, combined with the
predominate surface irrigation methods within [ID, may enable 11D farmers to have
higher DU's (eg., about 90%) than farmers in other areas of California.

"Reasonable use” of water recognizes the need for "beneficially used" water, plus the
extra water used in non-uniformity, evaporation, inevitable poor timing, and

Water Requirements in 1D - Salinity. DU. and ET
Charles M. Burt
Page 2



(sometimes) tailwater runoff. What constitutes "reasonable use® varies with time and
location, and must account for economic, social, agronomic, human, and other factors.
What is reasonable today may be considered unreasonable in 20 years in the future.

Tailwater runoff has been and continues to be an important item in efficiency discussions
in ID. However, this report does provide answers to the tailwater guestions.

A list of questions which must be addressed in defining the future D water needs in the

"reasonable and beneficial use" categories. The major sub-categories are:

1. Beneficial Use.

a. ETAW. Crop Evapotranspiration. Studies of IID water use have often targeted

estimated ET for a single vear and used those values in projecting future needs.
Future needs have considerable uncertainties. Even present ET requirements of
specific crops are uncertain. Researchers commonly acknowledge that the ET
estimation techniques are only accurate within plus or minus 10% without
extensive field verification,

Even if the present ET requirements were' known precisely, there are factors
which may cause the ET to increase in future years. Those factors include:

1. Reduced salinity stress due to better salt management.

Elimination of poor yield spots on fields.

Reduction of scald on alfalfa.

Reduction of other disease problems.

Improvement of irrigation DU.

(9.2 BN = ¥ A

- Reduced root pruning.

- Minimizing under-irrigation at some points in the field.
improved soil fertility.

Crop mix change,

Global warming, resulting in higher temperatures.

Tighter drain spacing, contributing to a healthier root zone.

— o m ~

0. Controlled traffic farming to reduce machinery compaction (eg., row alfalfa
instead of barder strip).

11. More frequent irrigations.

Water Requirements in IID - Salinity, DU. and ET
Charles M. Burt
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b, LA. Leaching Requirement. The foilowing items have been identified as possible

reasons to increase estimates of how much deep percolation is needed:

1.

Preferential flow of water during infiltration into soils. Some of the water
which deep percolates moves through large cracks and is not gffective for
leaching.

High temperature adjustment of salt tolerance values.

Increasing salinity of Colorado River water in fulure years.

Consideration of DU. Many discussions of lID salinity problems have
neglected the importance of DU, and assume that all points in the field
receive the same amount of water.

Consideration of LR in light of crop rotations on fields. The LR should be
hased upon the most salt sensitive crop grown in a field during a rotation,
rather than the crop presently planted on that field.

Development of new technigues to facilitate more leaching. On many soils in
1D, with the present farming and irrigation practices, large amounts of
leaching water will damage the crops (due to poor aeration and drowning).
New practices such as drip irrigation, sprinkler irrigation, row alfalfa,
tighter drain spacing, and mole drains,*may, enhance the ability of farmers

to adequately leach salts from the soil.

2. Reasonable Use.
o Deep percolation due to non-uniformity. As it farmers develop new

farming/irrigation techniques, they may be able to eliminate under-irrigation,

This will result in more deep percolation due to non-uniformity, as iflustrated

in the figure below.

Depth of
Y ater
Infiltrated

Figure 1.

Location in the field Location in the field
S M
NV\/\M/\/\.N\/\/\/\M’WV
Depth of PN AR TN
NWVM/V\N\W
Water AN AN AN
. WAJ\M/\N\M
Infiltrated AANAASANAT A
M/\/\/\N\/V\/WVVW\AN
A A A
- - - Soil Meisture Depletion ™7~ W

(2) (b)

Deep percolation caused by non-uniformity (DU) of irrigation, as affected by
undes-irrigation.  Both (a) and (D) have non-uniformity. However, since
{a) is compietely under-irrigated, the DU does not contribute to deep
percolation. As the under-irrigation is reduced (b), deep percolation due to
non-uniformity appears.

\Water Requirements in [[D - Salinity. DU, and ET
Charles M. Burt
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Location in the field

------------------

Depth of

Yater aaStored in root Zone

Infiltrated N 3 NSNS A N NSt NS,

N aaNa) LR Wa’ter ‘LLAL‘AA‘ \L Deep Percﬁ‘lation
R Y A T S Barcolation  due fo needed LF
A g A WA A At eep Perc

A 5 B2 dosto mome

7 ", "y = ue to non

uniformity (DU)

Figure 2. Deep percolation due to LR, LF, and DU. This is a case of "perfect timing” of
irrigation, in which enough water has infiltrated at the "driest” point in the
field to prevent salt build-up there. LF (Leaching Fraction) accounts for all
actual deep percolation, not just the LH.

b. Tailwater runoff. Some tailwater runoff is considered reasonable at present

because of :

1. Unknowns regarding disease transmission through recycled tailwater

2. High costs associated with installation of ‘t'ailwater return systems.

3. Questions regarding proper management of water and labor with tailwater
return systems.

4. Questions regarding the importance of tailwater runoff to removing sait
which has been deposited on the soil surface through evaporation.

5. Unknowns regarding the need to dilute tile drain water before it goes into the
Salton Sea.

Euture costs and answers to unknowns will determine the "reasonableness” of

tailwater runoff in 10-20 years.

Water Requirements in {ID - Salinity, DU. and ET
Charles M. Burt
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Salinity - General

The primary salinity effects on soils and crops are:

1. Leaf burn (due to high irrigation water salinity, ECw, sprinkled on leaves).

2. Poor germination or emergence of seedlings (due to high soil salinity, ECg, in the
seadbed).

3. Stunted or reduced yields caused by high root zone salinity, ECe, after
germination/emergence). [LA deals only with this aspect].

4. Stunted or reduced yields due to specific ion root toxicity (eg., boron, lithium).

5. Soil structure/aeration/water infiliration problems due to a high percentage of
sodium in the soil.

For each problem, researchers have tried to develop:

1. Quantitative relationships between the degree of problem and crop yields.

2. Methods of predicting the degree of the problem (eg., average root zene ECg) based
upon irrigation water quality and various irrigation management schemes,

The almost infinite combinations of crops, varieties of crop, temperatures, soils,

irrigation water qualities, irrigation practices, and other cultural practices have

frustrated attempts to define {(a) and (b).

The amount of extra water which is needed as deep percolation for adequate salt leaching
in Imperial Valley is not precisely known, and there hav n vastly differen
reqarding the need. Differences occur panly because geod salinity research in the U.S.
did not begin until the 1950's, and much of thal work has been done under conditions
different from those in Imperial Valley. Special Imperial Valley conditions include:

1. High temperatures.

2. Cracking clay soils, in which much of the irrigation infiltration into the soil is
lateral (from the cracks) rather than vertical {from the soil surface).

High concentrations of calcium in the irrigation water.

Very low infiltration rates.

Artificial drainage {(eg., tile drains).

Significant preferential flow of water during infiltration.

~ o g B L3

Possible significant contribution of tailwater runoff to maintaining a desirable sait
balance.

Water Requirements in 1D - Salinity. DU. and ET
Charles M. Burt
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Root Zone Salinity and Crop Yield

Plants can withstand soil salinity up to some "threshold" level without any decrease in
yield. Yields decline linearly as the soil salinity increases beyond the threshold level.

Published crop salt tolerance threshold values are fairly consistent throughout U.S.
literature. A major question remains regarding the proper use those valugs to predict
the needed Leaching Requirement (LR). ECe values (saturated paste extract salinity, in

dS/m) for some crops are given in Table 1,

Table 1. Salt tolerances (conventional) for selected crops (Rhoades and Loveday 1990).
Crop T Id E % Yield Declin m
Alfalfa 2
Lettuce 1
Onion 1
Sudangrass 2.
Tomato 2
Wheat (semi-dwarf) 8

.......................................................................................

Relative
Yield,
Yo

0 2.0 Average Root Zone ECe, dS/m 15.7

Figure 3. Yield versus soil salinity for alfalfa.

Most threshold ECg values were developed with research using an artificially salinized
soil, with a high teaching fraction to produce a uniform scil salinity with depth. The
air/water temperatures in the salinity research were generally lower than summer
temperatures in 1ID. Results of salinity research are affected by irrigation frequency;
very frequent irrigations will keep soil salts more dilute than will infrequent
irrigations.

Water Requirements in I[ID - Salinity. DU. and ET
Charles M. Burt
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In the field, salt concentrations will theoretically tend to increase at the bottom of the
root zone due to downward leaching of salts during irrigation. The salinity in the upper
portion of the root zone will theoretically be influenced mostly by irrigation water
guality; the lower root zone salinity will be influenced more by the size of the LR. There
may also be a high salinity at the soil surface in some conditions. Unfortunately for
planners in 11D, this theoretical salt distribution does not appear to apply to cracking
soils as well as to typical sandy, loam, and silt loam soils.

A variety of researchers have tried to predict crop response to root zone salinity
distribution. They are summarized in Table 2.

Table 2. Research regarding root zone salinity and yield.

...................................................................................

Ressarcher Conclysion_regarding vield response
Bower et al. {1963) Average root zone salinity, regardless

of the salinity profile shape (crop - aifalfa)
van Schilfgaarde et al. {1974) As long as roots have access to water of low
salinity they ars able to utilize some water
of high salinity without adverse effects.
fngvaison et al. {1976) Averags profile root zone salinity (alialfa)
Rhoades (1983) Linear average of roct zone salinity
{conventional irrigation management)
Woeighted salinity for water uptake location
{high frequency irrigation management)

......................................................................................

The conclusions by Rhoades {1983) appear to have the greatest agreement with actual
field studies.
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Leaching Requirement (LR)

The Leaching Requirement {LR) is the fraction of infiltrated water which must pass

through the root zone (and become desp percolation) to maintain some desirable root
zone salinity level.

LA values may vary from .01 to .40, depending upon the crop, irrigation water quality,
irrigation frequency, soit type, and climate. As will be explained below, the calculation
of the LR value is not an exact science. The "LR" value is used in computations to
determine the amount of water which must infiltrate at a point:

Infiltration neaded = Soil Moisture Deptetion
{1 - LR)
Definiti
The Leaching Fraction (LF) is the portion of the infitrated water which actually deep
percolates below the root zone. Many, if not most, discussions of leaching assume that
irrigation is uniform (ie, DU = 100%), and therefore the assumption is that LF = LR.
Actually, the LR is the fraction of infiltrated water which must infilirate at the peint in

the field which receives the least amount of water (see Figure 1). ta order to determine
the water requirement for & whole field, the LE must include water necessary for LR,

plus water for non-uniformity (Burt, 1990; Stegman et al., 1981), The minimum LF
required on a field is:

LF = 1 - [(DUM0B){1-LR)]
where DU = Distribution Uniformity of field irrigation, %

The gross irrigation water needed (neglecting evaporation and tailwater runoff) is:

Gross needed = Net required
1-LF

For questions of required irrigation water, LF should be considered rather than LR.
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Conventional Equations for LH.

Since the 1950's, there have been a variety of formulas used to predict the necessary

LA. The "conventional" solutions share the following assumptions:

1.

tn L N

There is no chemical precipitation in the roct zone.

There is no soil contribution from fertilizers.

There is no salt contribution from soil weathering.

There is no water uptake from a high water table.

The soil wets in a classic fashion during an irrigation; that is, a distinct wetting

front moves down from the soil surface.

In the Imperial Valley, there can be crop water uptake from a high water table, and the

cracking clay soils do not have a classic wetling front during an irrigation. There is also

a question about chemical precipitation. Therefore, the classical LR formulas (in Table

4) may not apply in scme of the soils within 0.

Table 3. Classical LR formulas from the literature.

ula = Important_values Sgurce
ECW/ECdw ECdw = (ECe at 50% yield reduction) Bernstein (1864)
(uniform salinity profile. um)
25% of LR predicted by Bernstein {1964) Sernstein & Franceis (1973)
for low-mod salt tolerance, UP
40% of LR predicted by Bernstein {1964) Bernstein & Franceois {1973)

for sait tolsrant crops, UP
ECqw = 2 % (ECg at 100% yield reduction) van Schilfgaarde et al (1974)
{non-uniform profite , NUP)
ECdw = 5 ECg - ECw Rhoades (1874)
where ECy is vaiue at 0 % yield decline
NUP; logic based on averags soil water salinity
ECdy = ECg at 100% yieid decline, Up Ayers (1977)
ECdw = ECg of & uniformily saiinized Bouwer and ldelovitch {1987}
root zone w/ 50% crop yield reduction

Other LR depands upon ECw and irrig. frequency Rhoades and Loveday (1990}

Leaching Reg (LR}
£Ce(threshold/ECw  High Frea, Low Freg

1.0 23 32
1.25 A3 22
1.5 08 A7
1.75 05 2
2.0 .03 10

LA depends upon ECw & linparly-averaged, Holiman (1985)
mean root zone salinity. Shown in the Fig. 4
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0 1 2 3 4 5 6
EC of irrig. Water,
dS/m

Figure 4. Solution for predicting LR based upon EGw (Hoffman, 1983)

Crop Salt Tolsrance Threshold, dS/m
n

Hoffman (1985) examined field data from several locations, including Imperial Valley
(Lonkerd et al, 1979). He then compared the "experimental measured leaching requirement"
in those trials which was necessary for no yield reduction, versus the predicted resulls using
various equations. His comparison is shown in the following figure.

1 - Rhoades (1983)

2 - Rhoades (1974)

3 - Bernstein (1964)

4 - van Schillgaarde,
et al. (1874)

Predicted LR

0 10 20 30
Expt. Measured LR

Figure 5. Camparison of LR equations by Hoffman (1985}

The obvious conclusion is that none of the equations precisely predict the limited field
results. Furthermore, since each field experiment will provide somewhat different
results, it is difficult to know which equation is closest to the “truth”. it appears that
the equation by Rhoades {1974) most closely matches the field conditions, and may be
the most applicabie 1o 1D conditions.
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ipitati - Chemical m in
Much of the work on salt tolerance of crops and LR has been done with chloride salts,
which were fairly soluble. The question regarding precipitation arises with high

concentrations of calcium in the irrigation water, and the possible formation of fime
(CaCQOg) or gypsum (CaS0y).

Since the mid 1970's, some researchers have questioned the assumptions that (1) salt
precipitation in the soil, and (2) that soil weathering contributions to salinity, are
negligible. These assumptions are of primary importance fo irrigation management, and
to estimates of "conservable water", in the Imperial Vailey.

Bliesner, et al. (1977) used irrigation water with EC's ranging from 1.0 - 2.8 in the
Ashley Valley in Utah. The water had high levels of calcium saits. Even with no leaching,
there was almost no increase in soil salinity during their experiments. Ingvalson, et al.

(1976) referred to earlier work which (1) had defined "effective salinity” as salinity
in excess of the Ca(HCO4g)p and CaS0y in the water, and (2) had considered "effective”

soil salinity as only consisting of concentrations of (Cl + 0.5 x $Q4 ). Oster and Tanji
(1985} concluded that the amount of precipitation depends upon the Leaching Fraction
(LF) and that with a small {LF), up to half of the salts found in Colorado River water
would precipitate out in the soil. [note: this forms the basis for the Bower (19887)
comments, Exhibit 18]. The conclusions of Oster and Tanji are based upon chemical
models in computer programs. Figure 6 shows their results.

— 1000

o

3] -
g =
=1 —
@ § - Salinity of
T e lo. Ri
{Sg = 6G0 - Colo. River

E J

oL

2

400

¥ i ¥
o} 0.t 0.2 03 0.4
Leaching Fraction, LF

Figure 6. Salt burden of drain water as a function of LR {Oster and Tanji, 1985}.
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Table 4. Max. ECe values theoretical possible in 11D soils, based upon modeling work of
Oster and Tanji {1985), as shown in Figure 8.

..................................................... A e T L I I N S

Hatio ECAwW/ECwW (ECe at bottom of root zone)
LF Salt Bu?dau” SB!B&QE) Hatio/ £3) ECe/ECw fassumes ECe = . 5ECdw)
.05 510 B1 2.3 6.1
10 580 A 7.1 3.6
.20 780 .94 4.7 2.3

Notes!:

1) The Salt Burden is determined from Figure 6, assuming Colorado River water for irrigation.
The valua depends upen the leaching fraction, LF,

2} The Ratio is the theoretical ratio of deep percolated sall compared to infiltrated salt. A
ratic of 0.61 indicates that only 81% of the salt will deep percolate; 38% of the salt
coming in with the irrigation water will precipitate out in the root zone.

3) The (Ratio/LF) is the theoretical relative concentration factor of the drainage water EC, as
compared 1o the irrigation water EC. A value of 12 3 indicates that the drainage water
would have 12.3 times greater EC than the irrigation water

Rhoades (1986) also concluded that there is significant salt precipitation in soils
irrigated with Colorado River water. Furthermore, he states that “...for an irrigation
water of 1 dS/m electrical conductivily, leaching iractions of .022 to .067 would be
needed for the most salt-tolerant and sensitive crops, respectively.”
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Salt Precipitation and LF - Figld Work in 11D Compared to Theory

Some field studies in Imperial Valley support the idea that salt precipitation may occur
batween the soil surface and the tile drains. Kaddah and Rhoades {1976} and Grismer
(1990} showed that flows into the Salton Sea have a lower percentage of calcium than do
flows into 11D, Kaddah and Rhoades (1976) concluded, however, ... that the effluent
salinity reflects the ground water salinity more than the root zone salinity.”
Furthermore, they stated that "...salt balance as now evaluated is not a generally
meaningful criterion on which to base the adequacy of leaching and salinity control of
large irrigation projects.”

There is strong field evidence in the Imperial Valley that the theoretical
models (eg., Oster and Tanji, 1985) do not adequately explain the salt
balance within _the root zone in iiD. As an example, Table 5, showing soil salinity

from the Tailwater Recovery Demonstration fields (D, 1990) can be examined.

Table 5. Maximum ECe values from 24" or deeper in the soil (max. depth = 607).
Values taken from four Tailwater Recovery Demonstration fields in 1D (1D, 1990).

....................................................................................

Close 10 drain Midway between drains
Field # 1985 1988 13890 1985 1988 1990
1 North 9.1 5.0 6.4 8.7 3.9 4.8
1 South 7.6 5.6 5.4 8.1 50 5.1
2 North 16,1 10.7 t1.1 1.2 8.8 9.6
2 South 13.9 14.1 18.7 13.0 13.5 15.5
3 Naorth .3 10.1 10.8 8.4 g.2 9.0
3 South 7.8 7.9 10.0 7.7 8.3 10.0
4 East 3.8 3.8 2.3 5.3 3.4 2.8
4 West 20 13 17 6.4 2.4 4.0
averages: 8.7 7.3 R0 5.1 B8 76 (7.9 ave)

.....................................................................................

The data from Table 5 is useful in examining the applicability of the theory proposed by
Oster and Tanji (1985), and arguments submitted by Rhoades (1988). Their argument
is that the salinity in the soil root zone will not get dangerousiy_high {for plants)

because as the salinity increases. the salls will precipitate out, thereby preventing the

soil salinity_from rising to a very high level, As mentioned earlier, Rhoades (1986}

proposes LF's of .022 - Q87 for the most sall_tolerant and sensitive croos,
regpectively,
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The Tailwater Demonstration study shows an average maximum soil salinity of 7.9 dS/m
in 4 fields. Other studies {Lehman et al, 1968; Hagemann and Ehlig, 1980, van der Tak
and Grismer, 1987) have shown numbers in this range in production fields within HD.
If these field were typical of 1D fields, the LF is 0.15 (representing 15% of the
infiltrated water, which is about 10% of the Drop 1 discharges). The work of Oster and
Tanii (1985) predicts that with a LF of 0,15, the maximum _ECe would be about 2.8

r he 7. m

The “basic” LF formula of

L.F = ECW/ECdw
assumes no precipitation of salts, and was not developed for cracking clay soil conditions.
Using that equation with an ECw of 1.2 dS/m, and an average LF of 0.15, the maximum
ECe can be estimated as follows:

ECdw 1.27.15
8.0 dS/m
Assuming that the maximum ECe = 0.5 x ECdw
max. ECe = 4.0 d5/m
This value of 4,0 dS/m is higher than the 2.8 dS/m predicted by Tanji and Oster's
procedures, but it still does not match the average (of maximum ECe's} of 7.8 dS/m

shown in Table 5.

It

Possible conclusions could be:

1. The actual LR needed is about twice that which is predicted by the "classical” LR
metheds. This could be explained by the fact that much of the drainage water never
passes through the root zone sail, but enters cracks and passes immediately down to
the soil below the root zone.

and/ot

2. The average LF in the 4 tailwater fields was considerably less than 0.15.

The weak link in the discussion above is the lack of large amounts of field data on soil
salinity. Extensive soil salinity data needs to be coilected through many fields in order
to lay this issue to rest, The thoroughness of data coliection within each single field must
include ample horizontal and vertical sampling to account for both (a) non-uniformity
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of water infiltration throughout the field (due to different opportunity times) and (b)
the apparent horizontal movement of water from the cracks into the soil.

if insufficient data is collected, there is the tendency to assume that the values are
"typical”, even though that may not be the case at all. To better understand salinity and
leaching in a field, it is important to know what the "extreme" values are, not just the
"average" or "typical" EC values. If the "average salinity" in a field is "just right", that
half of the field will have excessively high salinity, with resulting yield decreases.

Initial_conclusions regarding LR and LF

1. Equations to predict the proper LR vary, are inconsistent, and were not developed to
match the 11D conditions.

2. Estimates of salt precipitation within the crop root zone appear to be high.

3. **More soil root zone ECe data must be collected, along with measurements of LF, 10
better evaluate the LR prediction equations. .

4. 1t is essential to deal with LF {which includes non-uniformity) rather than LR.

Water Reguirements in [ID - Salinity. DU. and ET
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High Temperature/Salinity Relationships

General

insufficient research to determine "threshold ECe" values for crops has been conducted
under the extremely hot conditions which are typical of Imperial Valley summers.
Disrussions of LA within 11D have used salt tolerance values obtained in more moderate
climates. Crops in the Imperial Valley will suffer sait stress/damage at lower soil
salinities than in other areas because of the high temperatures, so current calculations
of LR shouid be madified accordingly. Unfortunately, no cne knows precisely how to
adjust of salt tolerance data for high temperatures.

Regearch Results

Several workers have noted the general relationship between high temperatures and
increased salinity stress. Braun and Khan (1976) noted with lettuce seed germination
that "high temperature and salinity appear to accentuate each other's effects. Thus,
salinity, low osmotic potential, water deficit, and other soil related stresses may not be
readily evident at low temperatures but may find expression at high temperatures.”
Elsheikh and Wood (1989) noted a definite correlation between high temperature and
salinity damage to chickpea and soybean crops. Hampson and Simpson (1989a, b}
studied early growth of wheat and determined that temperature stress on wheat
germination showed no effect in the absence of salinity. However, high salinity fevels
showed a large effect when temperatures were high. There was also a definite
interaction with salinity and high temperatures during early seedling growth.
Guggenheim and Waisel (1877) noted that Rhodes grass yields dramatically dropped
with high temperatures, but it was not clear how to separate the salinity and
tempaerature effects.

Maas and Hoffman {1977) noted that "many crops seem less salit-tolerant when grown
under hot dry conditions than under cool humid ones”. They quoted earlier research
which noted salt-temperature interactions with alfalia, bean, beet, carrot, cotton,
onion, squash, tomato, clover, and salt grass crops.

There is little quantitative, transferrable information in the research. Francois and
Goodin (1972) studied sugar beet germination and stated that "when the temperature
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exceeds 25 C, an approximate 3 dS/m decrease in salinity must accompany each 5 C
increase in temperature to prevent reduction in germination damage.” They aiso noted
that sugar beets germinated at 25-35 C had about hall the germination rate as at 10-15
C, with about 3 dS/m salinity. At 10-15 C, there was almost no effect on germination
due to increased salinity. In the Imperial Valley, soil temperatures are in the 40 C
range during sugar beet planting time.

m f Temperaiur linity _Interactions B [

1. It is well established that crop sensitivity to salinity increases as temperatures
increase.

2. It is not clear how to properly adjust the "threshold ECe" values for salinity
sensitivity of crops, to compensate for high temperatures.

Water Requirements in [ID - Salinity, DU. and ET
Charles d. Burt
Page 18



Yield, ET,and Sait Senshtivity of Alfalfa

General

Alfalfa is a major crop within 1ID. Factors which affect the ET rate of alfalfa have an
important impact upon D water requirements. Therefore, this section will review
some pertinent information regarding alfalfa and water within 110,

General Yield/ET Functions of Alfalfa

Most researchers have determined that alfalfa yield increases linearly as ET increases.

Some of the yield functions which have been developed are shown in Table 6.
Table 6. Yield Functions for Alfalfa

....................................................................................

Yield = -3.73 + .12 ET  (Yield = tonstha; ET = cm) (Donavan and Meek. 1983)
WUE = -1.73 - .041 ET  (Water Use Elf = lons/acre-6 inches of water;
ET = inghes of water) (Guitjens, 1882}

WUE = 18.25 kg/ha-mm {Bolger and Matches, 1980)
Y = - 833 - 159 ET (Y = kg/ha x 1000; ET = cmiyr) (Heichel, 1983)

20% undar-irrigation of alfalfa = 30% yield decline
*Note - this was from a field study in Impaerial
Valley, and may indicate the relationship
between salinity effects and soil dryness {Oster, et al., 1988)

These yield functions are important because it is generally understood that if yields
deciine due to salinity, the ET also declings (Harks, et al., 1877). The same

relationship occurs if yields decline due to scald or drainage problems.

Most studies of aifalfa yield have assumed that since it is a vegetative crop, there are no
critical growth stages. However, Halim et al (1989) note that stress at bud or flower
stages resulls in disproportionate deterioration of total herbage forage quality. Other
researchers have noticed that alfalfa is very sensitive to both dryness and excess water
immediately after cutting (Sheaffer et al, 1988). That poses a problem for llD growers
with flood irrigation because it is difficult to irrigate without also saturating the soil.
Row alifalfa may alleviate part of the saturation problem.
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Waterloggi f Alfaif

Alfalfa is notorious for its susceptibility to excess soil water (Heichel, 1983). Lehman,
et al. (1968) noted that in Imperial Valley, 36 hours of saturation can kill alfalfa.
Meek, et al. {19886) observed that top growth of alfalfa can be reduced by 50% when
plants are flooded for 2 days at 32 C. Root damage in the same research was only 1% in a
clay loam soil compared to 10% in a silty ciay soil. Barta (1988), working with mild
temperatures, noted that non-clipped alfalfa plants could withstand flooding of up to 14
days without damage.

As with salinity tolerances, different cultivars of alfalfa have different sensitivities to
waterlogging. The cultivar Salton is considered tolerant to adverse waterlogging during
high temperatures {Donovan and Meek, 1883).

The exact physiological cause of alfalfa damage from waterlogging has been debated.
Heiche! (1983) states that it is due to anoxia (lack of oxygen) and impaired mineral
absorption by the roots. Sheaffer et al. {1988} state that damage is due {0 the lack of
oxygen in the root zone and the formation of ethanol and other toxic substances in the
roots. They state that the effects of phytophthora root rot are secondary. Meek et al.
{1986) {elt that oxygen deficiency, not ethylene loxicity, seemed to be the problem
when alfalfa was flooded. Barta (1988) found that cultivars highly resistant to
phytophthora root rot are generally more resistant to flooding injury.

Hi T n Alfalia Yiel

Rai et al. (1971) found that alfalia yields are dramatically affected (decreases of 61%)
if the water table rises immediately after harvest. This has important implications for
HD irrigation practices.

Salinity Effects on Alfalfs {most research done at "normal” temperatures)

Ingvalson et al. (1976) determined that average profile soit salinity is a useful index of
salinity for relating alfalfa yield response under conditions of flood irrigation
rnanagement. Bower et al. (1969} also found that alfalfa yield was high related to
average root zone salinity, regardless of the satinity profile shape. Bernstein and
Francois (1973) believed that alfalfa responded more to calculated mean salinity against
which the water was absorbed than to soil water salinity averaged by depth.
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Ingvalson et al. (1976) determined the equivalent "threshold ECg" would be about 1.7

dS/m - 2.4 dS/m, depending upon the moisture level in the scil. They also noted that
alfaifa roots may become more sensitive to salinity with age. The most commonly quoted
"threshold ECg" for alfaifa is 2.0 dS/m (Rhoades and Loveday, 1990; Maas and Hofiman,
1977). Hoffman et al. (1975) found a "threshold ECg" of about 1.7 dS/m in studies
with average daytime temperatures of 28 C (considerably lower than }ID summer
temperatures).

Various alfalfa cultivars have different sensitivities to salinity. Ashraf et al, (1987)
indicated that there is a good potential to breed new cultivars of alfalfa for improved salt
tolerance.

it has been noted that aifalfa seedlings, as with most crops, can suffer great damage if the
seedbed is salty and dry {Assadian and Miyamoto, 1987). Heichel (1983} states that
germination is practically inhibited at soil moisture tensions (including matrix and
osmotic potentials) of -12 to -15 bars. ‘

Robinson (1980) examined leaf burn problems with sprinkler irrigation of alfalfa in
the Imperial Valley. He found that application rates of greater than 5 mm/hr greatly
compacted the soil, but that application rates of less than 4.0 mmv/hr caused significant
leaf burn. Ninety three percent of the plants had leaf burn with an application rate of
1.8 mm/hr, versus 2.5 percent damage at 4.0 mm/hr.
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Special Soll Canditions in Imperial Valley

in much of the imperial Valley, border strip irrigation is actually "irrigation by
cracks". The size of the cracks will determine the amount of infiltrated water during an
irrigation. van der Tak and Grismer (1987) found that the amount which will infiltrate
during & border strip irrigation is almost equivalent to the volume of cracks at that
time.

The cracks allow drainage from tile lines to cccur almast immediately during/after an
irrigation, although the hydraulic conductivity of the soil is not high enough to permit
such rapid drainage. This early water drainage is probably not very effective in
feaching. van der Tak and Grismer (1987) conclude that "traditional design concepts
of....leaching fraction.....nave limited meaning in the context of heavily cracking soils due
to crack dominance of water flow through the soil... However, depending upon the average
crack depth, irrigation water may not adequately....leach, the root zone."

Adequate leaching of alfalfa fields is so difficult on some Imperial Valley soils that
farmers must depend on leaching which occurs while growing other crops, in order to
establish a long-term soil salinity which is low enough to grow the crops.

Work should be conducted on ways to increase the effectiveness of root zone leaching with
a given LF. New methods of leaching will be accompanied by new irrigation methods and
new ways to cultivate crops. As an example, it is generally understood that sprinklers
provide more effective leaching of salts (per unit of water infiltrated) than surface
irrigation on most soils. This is because a greater percentage of the infiltrated water
moves down through micro-pores rather than macro-pores; crack infiltration is also
minimized. Wide adaplation of sprinkiers throughout 1D would affect water delivery
requirements, air quality, irrigation system costs, tailwater management, and labor
requirements.
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Conclusions and Estimates For the Future

Research clearly shows that some trends do exist and that many current formulas/values

are questionable at best. There seem to be two choices!

1.

2.

Do not make a decision because it is unclear what "truth” is, even though it seems
obvious that the present numbers are probably incofrect, or
Make an estimate and depend upon future research to (a) verify the estimates or

(b} develop better estimates.

The estimates/predictions/conclusions are:

1.

Conventional "threshold ECe" values for crops in 1D should be reduced by 25%, to

account for the extremely high temperatures. The new “threshold ECe” value for
alfalfa should be 1.5 dS/m rather than 2.0 dS/m.
The required LR can best be estimated by the equation:

LH= EQW .
5 ECe - ECw

where ECw = EC of the irrigation water, dS/m
ECe = Threshol fthe m nsitiv
be grown in g rotation on that field.
It is based upon the average root zone ECe.

This definition has a powerful conclusion which is not currently accepted - that the
leaching requirements in 1D should not be calculated based upon the crops

currently planted, but rather, on the most sensitive crops to be grown on the
fields.

This particular equation of LR (from Rhoades, 1974) was not developed for the

majority of 11D soils. The key assumptions which make it incorrect are:

a. Preferential flow of water through cracks is ignored (ie, it underestimates the
LR needed).

b. Salt precipitation in the root zane is ingored (ie, it overestimates the LR
needed).

The net result may be that it Is approximately correct.
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LF requirements should assume DU values ranaing from. 90% - 75% (ciay -

sand). This is higher than in most areas of California, but corresponds to the
unique sealing properties of some Imperial Valley soils and the fact that surface

irrigation is used.
Evapotranspiration requirements will increase by § - 10% as farming

practices/drainage/salt control improves. This does not account for increases in
temperature, and ignores introduction of new short seasnn varieties of crops.

A desirable Leaching Fraction (LF) for a heavy clay soil, averaged over several
years and crops, is estimated as follows:

LR - Based upon a modified threshold ECe of 1.5 for alfalfa. This assumes that
alfalfa has a deeper root zone than the more salt-sensitive crops which will
be grown in a rotation. If the average ECe in the root zone is 1.5 for alfalfa,
it may be 1 - 1.3 for shallower rooted crops in the same scil, since they will
not be exposed to the deeper, more saline soil profile.

. Assumes that Colo. River water salinity will rise to ECw = 1.4 in 10 years.
LR ECw/(5ECe - ECw)
1.4/{[5 x 1.5} - 1.4) = .23

il

H

LF - Based upon a DU of 80%
LF 1 - [(DUM1oox(1 - LAY
= 1 - [.90 x (1-.23)]
= .31
Many D farmers might immediately state that such a high LF would kili their

1

plants because of suffocation; they just cannot get that much extra water into the

ground for some crops. The responses o this could be:

a.  Perhaps that is true.

b. Perhaps, when one considers the total crop rotation plan, it may be possible
to have a higher LF than presently obtained.

c.  These computations do not state what is currently happening - they point to
what may be realistic future needs, when crop mixes may be different and

new ifrigation/cultivation techniques may enhance leaching abilities,

Water Requirements in {D - Salinity. DU. and ET
Charles M. Burt
Page 24



i
|
:
i
|
i
1
i
!
|

Recommendations for Future Research

Moare data is needed to correlate LF with soil ECe. This would involve extensive
3.dimensional soil sampling, and probably include ECsw estimates made with
surface salinity sensors. New research should be conducted on representative

soils within 1D, and probably will require a research piot design in which the LF

can be carefully measured in each treatment.

Better information is needed for the relationship between salt sensitivity and

temperatures.

Research should better define what constitutes the "root zone depth” for various

crops grown in rotation in 1D,

Development of new high yielding,
waterlog-resistant alfalfa cuitivars should be encouraged.
improving the efficiency of the LF through different

short season crop varieties and more salt- and

Work needs to be done on
cultural or irrigation methods.

Water Requirements in D - Salinity. DU. and ET
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